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(54) An active energy ray curable composition comprised of a maleimlde derivative and a method 
for curing the said curable composition 

(57) Objects of the present invention are the provision of an active energy ray curable composition which can be 
cured in the abserKe of a photoinitiator, and which can also be cured at practical light intensities and irradiating energy, 
and a method for curing the said curable composition; in which the composition comprises a meUeimide derivative rep- 
resented by formula (1): 




— Rii-G, 



R2 — 02 — R12-N 




(1) 



m 



wherein 

^ m and n each represent an integer of 1 to 5, and the total of m and n is 6 or smaller, 

^ R^ 1 and Ri2 each represent a linMng group selected from the group consisting of 0 an alkylene group. 0 an all- 

^ cydic group, (g) an arylall^ene groups and <S> a cydoalkylall^ene group, 

^ and Q2 each represent an ester linkage selected from the group consisting of -000- and - OCO-. 

^ R2 represents a linking chain having an average molecular weight of 100 to 1 00,000 selected from the group con- 

CO sisting of (A) a (poly)ether linking chain and (B) a (poly)ester linking chain, in which at least one organic QToisp 

O selected from the group consisting of (D a straight chain alkylene group, ® a branched alkylene group. <3) an 

r% alkylene group having a hydroxyl group, (g) an alicydlc group, ® an aryl group, and (g) an arylalkylene group is 
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connected via at least one linkage selected from the group consisting of (a) an ether linkage and (b) an ester link- 
age. 



) 
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Description 

BACKGROUND OF THE INVENTION 

5 The present invention relates to an active energy ray curable composition conipristng a maleimide derivative, which 

is useful for various coatings, inks for printings, surface finishes, moldings, laminated plates, adheslves, and binders. 
More specifically, the present invention relates to an active energy ray curable composition comprising a maleimide 
derivative which can be cured in the absence of a phototnitiator under irradiation of ultraviolet light with practical inten- 
sity and energy value of inradiating light and a method for curing the said curBt)le composition. 

10 

BACKGROUND ART 

An active energy ray curable composition polymerized under inradiation of active energy rays such as ultraviolet 
light, visible tight, and the like, has an advantage of being rapidly cured. Therefore, active energy ray curable compost- 
is tions are widely used as paints, inks for printing, adhesives, coatings, and the like. However, conventional active energy 
ray curak^e compositions cannot initiate polymerization alone upon irradiation of an active energy ray: therefore, it is 
necessary to use a photoinitiator together therewith. When a photoiititiator is used in large quantities, curing rapMly 
progresses. Therefore, large quantities of a photoinitiator tend to be used. 

As photoinitiators, compounds having an aromatic ring, are used in general because they effectively absorb ultra- 
20 violet light. The photoinitiators have problems such as yellowing of cured matenats upon addition of heat or light More- 
over, compounds of low nrx)lecular weight are cormionly used as photoinitiators because solubility of a photoinitiator to 
active energy ray curatDle monomers and/or oligomers is necessary to initiate photopolymerization effectively A pho- 
toinitiator having low molecular weight has high vapor pressure; therefore, many photoinitiators tend to give off unpleas- 
j ant odors at room temperature to 150 ''C. Because infrared light in additton to ultraviolet liglit is generated from an 
25 ultraviolet light lamp, one of the light sources of active energy rays, active energy ray curable compositions are substan- 
tially heated upon irradiatfon with many ultraviolet light lamps ananged side by side. Therefore, unpleasant odors are 
given off from photoinitiators, and as a result the working environment t>eoomes worse. 

Unreacted or decomposed photoinitiators remain in the cured compositions after irradiatfon of active energy ray 
cuFat3le compositions containing photoinitiators with active energy rays; therefore, problems are caused such as chang- 
30 ing the cofor thereof to yellow, giving off unpleasant odors, and the tike, when the cured compositions are exposed to 
light or heat In particular, when a material at high temperature, such as a thermal head, contacts the active energy ray 
curable composition comprising a pixjtoinitiator, strong unpleasant odor is given off. Moreover, when the cured compo- 
sition after irradiation of an active energy ray curable composition containing a photoinitiator is contacted by water, unre- 
. acted photoinitiator is exuded; therefore, it is unsuitable to use the active energy ray curable composition as wrapping 
35 forfcxxJ. 

In order to solve these problems, a curable resin comprising a polymer with polymerizatrfe unsaturated aaylic 
group and an organic solvent-soluble styrene containing an acrylic thermoplastic resin are disclosed in JP-A-5d-89G09 
(tine terms "JP-A^SSGOS" as used herein mean tinexamined published Japanese patent applications'^ as an active 
energy ray curable composition witiiout a photoinitiator. Photopolymerizable adhesive compositions comprising a 
40 copolymer of metiiacrylate monomer and/or m^hyl acrylate and a photopolymerizable monomer are disclosed in World 
Patent Na 89-05827. 

Moreover, a photopolymerizing method in which maleimide compound is used as an electron acceptor for a 
charge-transfer complex which is formed by the electron acceptor and an electron donor, is disclosed in US. Pat. No. 
5446073 and Potymer preprints, vol. 37. No.2. pp. 348 - 349, 1996. 

45 In addition, it was reported that the maleinvde derivatives can polymerized in the akssence of photoinitiators under 
irradiation of UV light in Polymer Letters, vol. 6, ppi 883 - 888, 1968. The active energy ray curable compositions com- 
prising maleimide derivatives are disclosed in JP-A-61-250064, JP-A-62-64813. and JP-A-62-7g243. The alkylmaleim- 
ides and arylmaleimides are used in these well-known documents, however, the maleimide derivatives in tiie 
documents show low photoinitiator properties; ttierefbre it is necessary to use substantial amounts of a photoinitiator 

60 together with the maleimides. 

It is well-known that pendant type maleimides can be crossiinkable by UV irmdiation ([2-f2]-photocycloaddition 
reactfon). For example, photopolymerizable polymers having an a-aryl sut>stitut6d maleimide group at a side chain are 
disclosed in US. Pat No. 3920618, JP-A-50-123138, and JP-A-51-47940. The polymers having side chain type male- 
imMe group having an cUkyI substituent arediscfosed in US. Pat Na 4079041 and Europe Pat fsfo. 21019. These pen- 

55 dant type maleinrvdes cannot be used in formation of liner polymers photopolymerization; therefore, tiiey are 
commonly used to prepare a negative printing plate. Moreover, these pendant type maleimides have some problems 
that a photocross-linking dimerlzation reaction needs rattier long time (several tens seconds to several minutes) with an 
excess amount of irradiation energy. 



3 



Printed from Mimosa 05/08/04 08:26:02 Page: 3 



EP0 878 482A1 



In addition, photocurable compositions comprising maleimide derivatives as electron acceptors and vinyl ethers as 
electron donors are reported in Polymer Materials Science and Engineering, vol. 72. pp 470 - 472. 1995 and Proceed- 
ings ofRadTech Europe 95, pp 34 - 56. 1995. The photopoIymerizaWe compositions comprising 1.4-bis(vinyloxyme- 
thvDcyclohexane and N-cyclohexylmaleimide or the photopolymenzal5le compositions comprising 4-hydrQxylxjtyl vinyl 
ether and N-(hydroxyalkyl) maleimide are disclosed in these documents. They are polymerized upon UV-inradiation in 
the absence of a photoinitiator. however, hardening of the coated films cannot occur; /. e. the coated films maintain liquid 
states after UV-irradiation. 

Maleimides such as N.N'-4. 9-dioxa-1. 12-blsmalelmldedodecane are disclosed in Polymer Preprints, vol.37. No. 
2 pp 348 - 349, 1996 as a photoinitiator for polymerization of 1. 6-hexanediol diacrylate and polyethylene glycol 400 
di'acrylate. However, there are serious problems that many of these maleimides are solid and are hardly dissolved in 
acrvlates 

The photocurable compositions disclosed in JP-A-58-89609 and World Pat. Na 89-05827 have a problem that they 
cannot be sufficiently cross-linked by a practical Irradiation energy. 

Moreover, the polymerizing methods disclosed in U. S. Pat No. 5446073 and Polymer Preprints, vol. 37. No. 2. pp 
348 - 349 1996 have a problem In that high iwadiation intensity is necessary to cure sufficiently. Many maleimide deriv- 
atives disclosed in the documents are solid at ambient temperature, and moreover, it does not suggest whettier the 
maleimide cortpounds are homo-polymerized upon irradiation of UV-light in the absence of a photoinitiator in the doc- 
uments The documents disclose that spedfied maleimide derivatives read with vinyl ethers and acrylates in the 
absence of photoinitiators. However, it is difficult to obtain cured coatings with practical properties by the polymerization 
method disclosed in the former. From the view points of solubility to unsaturated compounds, it is also difficult to obtain 
cured coatings in wide range of the compositions by the polymerization method disclosed in the latter. 

In addition, the maleimkJe derivatives disclosed in Polymer Letters, vol. 6. pp. 883 - 888. 1968 are solid at ambient 
temperature, and it is impossible to obtain the cured coating with practical properti 

^^"^eSJnSre Sg a maleimide group as a side chain disclosed in US. Pat. No. 3920618. JP-A.50-123138. JP- 
A-51-47940 U S Pat No 4079041, and Europe Pat. No. 21019 can be used for formation of negative patterns by 
photocross-iinWng: however they cannot be used for forming coatings. In addition, they need higher irradiation energy 
than practical amounts of light-irradiation for cross-linWng (photodlmerization). 

Therefore, the problem to be solved in the present invertton is to provide an active energy ray curable compound 
which does not comprise a photoinitiator causing an unpleasant odor in curing, yellowing of cured coatings, and exud- 
ing of materials from the cured films. In addition, the purpose of the present investigation is to provide an active energy 
ray curable compound which can be cured with a practical light intensity and an energy value of in-adialing light, being 
liquid state at ambient temperature, and to provide a method for curing the said curable composition. 

35 DISCLOSURE OF THE INVENTION 

As the result off extensive investigations directed to solve the problems described above, the present inventors 
found that the problems can be solved by using specific maleimide derivatives, and therety reached ttie present inven- 

40 That is. in order to solve the problems, the present invention provides an active energy ray curable composition 
comprising a maleimide derivative represented by formula (1): 



IS 



20 



2S 



30 



45 



60 




— Rii-Gr -Rr -G2— R12-N 




(1) 



m 



fin formula, m and n each represent an integer of 1 to 5, and the total of m and n is 6 or smaller, 

R11 and R12 each represent a linking group selected from the group consisting of ® an alkylene group. 0 an all- 
cyclic group. O an arylallcylene group, and ® a cydoalkylalkyene group. 

Q. and Q2 each represent an ester linkage represented by -COO- or -OCO-. . ^ _ 

R2 repr^ents a linking chain having an average molecular weight off 100 to 100.000 selected from the group con- 
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sisting of (A) a (poiy)ether linking chain and (B) a (poly)e8ter linking chain, in which at least one organic group 
selected from the group consisting of 0 a straight chain alkylene group. ® a branched alkytene group, <3) an 
alkyiene group having a hydroxyl group* ® an alicyclic group, (S> an aryl group, and (Q an arylaikylene group is 
connected via at least one linkage selected from the group consisting of (a) an ether linkage and (b) an ester link- 
5 aga) 

h/lorecver, in order to solve the problems, the present invention provides an active energy ray curable composition 
comprising (I) the maleimide derivative represented by formula (1), and (II) a compound oopolymerizable with a male- 
imide group. 

10 In addition, in order to solve the problems, tiie present invention provides a method for curing the active energy ray 
curabie compositions, comprising irradiation of the active energy ray curat^le compositions with an active energy ray in 
the absence of a photoinitiator; the active energy ray curatsle compositions are thereby polymerized. 

The present invention relates to the active energy ray curable compositions comprising tiie maleimide derivative 
represented by formula (1). 

IS In formula (1 ), m and n each represent an integer of 1 to 5, and the total of m and n is a integer of 6 or smaller, more 
preferably 2 to 6. 

Ri 1 and R12 each represent a linking group selected from the group consisting of 0 an alkylene group, 0 an ali- 
cydic group, (g) an arylaikylene group, arxi ® a cydoaikylalkyene groip. The alkylene group may be straight or 
branched. The arylaikylene group and the cycloalkyl-alkylene group may have an aryl group or a cydoalkyi group at a 

20 main chain or a branched chain, respectively. 

Examples of R^^ and R^2 irx^iude straight alkylene groups such as methylene group, ethylene group, trimethylene 
group, tetramethylene group, pentamethyiene group, hexamethylene group. heptameti\ylene group, octamethylene 
group, nonamethylene group, decamethylene group, undecamethylene group, dodecamethylene group, and the like; 
alkylene groups having a branched all^l group such as 1-methylethylene group. 1 -methyl-trimethylene group, 2- 

25 methyl-fimettiylene group, l-methyl-tetrametiiylene group. 2-methyt-tebBmettiytene group. 1-methyl-pentamethylene 
group. 2-methyl-pentamethy!ene group, 3-methyl-pentamethylene group, neopentyi group, arxl the like; alicydic groups 
such as cyclcpentylene groups cydohexylene group, and the like; arylaikylene groups having an aryl group at a main 
chain or a side chain such as benylene group. 2. 2-diphenyl'trimethylene group, 1-phenyl-ettiylene group, 1 -phenyl- 
tetraetiiylene group. 2-phenyl-tetra6thylene group, and the like; cydoalkyl-alkylene group having an alicydic group at a 

30 main chain or a side chain such as cyclohexyl-methylene group, 1-cydohexyl-ethylene group, l-cydohexyi-tetraethyl- 
ene group. 2-cydohe)^-tetraethylene group, and the like. However, there are no particulcu' limitations placed on these 
groups. 

R2 represents (A) a (poly)ettier linking chain or (B) a (poly)ester linking chain having an average molecular weight 
in a range of 100 to 100.000, in which at least one organic group selected from the group consisting of 0 a straight 
35 chain alkylene grotp, (g) a branched alkylene group, (3> an all^ene group having a hydroxyl group, ® an alicyclic 
group, (5) an aryl group, and <g) an arylall^ene group is connected via (a) an ether linkage or (b) an ester linkage. R2 
may be a linkage comprising an oligomer or a polymer containing these linkages as a repeating unit. When the average 
molecular weight of (A) a (poIy)etiner linking chain or (8) a (poly)ester linking chain is less than 100. curing properties 
thereof are worse. Even if the compositions are cured, a gel fraction of the cured composition tends to be Icwer. There- 
to fore, it is not suitak)le that the average molecular w»ght tiiereof is less than 100. Moreover, the average molecular 
weight of R2 is more than 100,000, a pdyol or a polyester, a raw material for a linking chain, is solkl in nature and shows 
poor sdubllity to common solvents at ambient temperature. Moreover, the dstained maleimide derivatives are solid and 
almost insolut)le to common solvents, therefore, it is difficult to obtain a coated film before and after curing. Even if cured 
coating films are obtained, surfaces of the coatings show unevenness. Therefore, it is not suitable that the average 
45 molecular weight of R2 thereof is more them 100.000. 

Examples of tiie linking chain represented by indude 

(a) a (poly)ether (poly)ol residue group having an average molecular weight of 100 to 100.000, and comprising a 
part in which at least one group selected from the group consisting of a stBight chain alkylene group having 1 to 

50 24 cartxMi atoms, a branched alkylene group having 2 to 24 cart>on atoms, an edicydic group having 3 to 24 cartx)n 
atoms, and an aryl group having 6 to 24 cartx>n atoms is connected with an ether linking chain or a repeating unit 
thereof. 

(b) a (poly)ester (poty)ol resklue group having an average moleculeu' weight of 100 to 100.000. and comprising a 
part in which at least one group selected from the group consisting of a straight chain alkytene group having 2 to 

S5 24 carbon atoms, a branched all^ene group having 2 to 24 carkx)n atoms, an cdicydic group having 3 to 24 cariExm 
atoms, and an aryl group having 6 to 24 cartx>n atoms is connected witii an ester linking chain or a repealing unit 
thereof, 

(c) a (poly)cartx»cylate {(poly)ether (poly)ol) ester having a polycartxxxylic add residue group m a tenrr^, obtained 
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by esterif ication of (poly)ether (poly)ol with carboxylic acid having 2 to 6 cartoon aton^ (the term of "carboxyllc acid 
having 2 to 6 cartoon atoms" is abbreviated as a polycartx)xylic acid hereinafter), which have an average molecular 
weight of 100 to 100,000, and comprising a part in which at least one group selected from the group consisting of 
a straight chain alkyiene group having 1 to 24 carbon atoms, a branched alkylene group having 2 to 24 caibon 
atoms, an alicydic group having 3 to 24 carbon atoms, and an aryl group having 6 to 24 carbon atoms is connected 
with an ether linking chain or a repeating unit comprising the parts, 

(d) a (poly)carboxylate ({poly)ester (poly)ol) ester having a polycarboxylic acid residue group at a terminal obtained 
by esterif ication of (poly)ester (poiy)ol and polycarboxylic acid which have an average molecular weight of 100 to 
100.000. and comprising a part in which at least one group selected from the group consisting of a straight chain 
alkylene group having 1 to 24 cartxDn atoms, a branched alkylene group having 2 to 24 cartjon atoms, an alicydic 
group having 3 to 24 carbon atoms, and an aryl group having 6 to 24 carbon atoms is connected with an ether and 
an ester linking chains, or a repeating unrt conrprising the parts, 

(e) a linking chain obtained by ring-open reaction of polyepoxldes having an average molecular weight of 100 to 
100.000. and conprising a part in which at least one group selected from the group consisting of a straight chain 
alkylene group having 1 to 24 cartxjn atoms, a branched alkylene group having 2 to 24 caitjon atoms, an alicydic 
group having 3 to 24 carbon atoms, and an aryl group having 6 to 24 carbon atonfis is connected with an ether link- 
ing chain, or a repeating unit comprising the parts, and the like. However, there are no particular limltattons placed 
on these linking chains. 

Examples of (poly)ether (poly)ol constructing linking chain (a) described above indude pdyalkylene glycols such 
as polyethylene glycol, polypropylene glycol, polybutylene glycol, polytetramethylene glycol, and the like: modified 
alkylene glycols in which ethylene glycol, propanediol, propylene glycol, tetramethylene glycol, pentamethylene glycol, 
hexanediol. neopentyl glycol, glycerin, trimethyolpropane. pentaerythr'itol. diglycerin. ditrimethylolpropane. dipentaer- 
ythritol and the like are modified by ethylene oxWes, propylene oxides, butylene oxides, and tetrahydrofuran. Among 
these (poly)ether (poly)ols, modified alkylene glycols are preferable. In addition, examples of {poly)ether (poly)ol con- 
structing the above linking chain (a) include hydrocarbon polyols such as a copolymer of ethylene oxide and propylene 
oxide, a copolymer of propylene glycol and tetrahydrofuran, a copolymer of ethylene glycol and tetrahydrofuran. 
polyisoprene glycol, hydrogenated polyisoprene glycol, polybutadiene glycol, hydrogenated pdybutadiene glycol, and 
the like: polyhydrlc alcohol compounds such as polytetramethylene hexaglycerin ether (modified hexaglycerin by tet- 
rahydrofuran), and the like. However, there are no particular limitations placed on these (poly)ether (poly)ols. 

Examples of (poly)ester (poly)ol constnicting the linking chain (b) described above include (poly)alkylene glycols 
such as polyethylene glycd, polypropylene glycol, polybutylene glycol, polytetramethylene glycol, ethylene glycol, pro- 
pane diol. propylene glycol, tetramethylene glycol, pentamethylene glycd. hexane diol. neopeotyl glycol, glycenn. tri- 
methyloJjJropane, pentaerythrrtd, diglycerin. ditrimethylolpropane. dipentaerythritol. and the like which are modified by 
e^caprdactone. y-butyiolactone, 6-valerolactone. and methylvalerolactone; aliphatic polyester pdyols which are synthe- 
sized by esterificalion of aliphatic dicarboxylic adds such as adipic acid, dimeric add. and the like with polyols such as 
nebperityl glycd, methylpentanedfol. and the like; aromatic polyester pdyols which are synthesized by esterif ication of 
aromatic dfcarboxylic acids such as terephthalic add, and the like with polyds such as neopentyl glycol, and the like; 
ester compounds obtained by esterification of polyhydrlc alcohols such as pdycarbonale polyd, acryl polyol. polyle- 
tramethylenehexaglyceryl ether (modified hexaglycerin by tetrahydrofuran), and the lite with dicarboxylic adds such as 
fumaric add. phthalic acid, isophthalic ackJ. itaconic add. adipic add. sebacic add. maleic add, and the like; com- 
pounds having pdyd group such as monoglyceride obtained by transesterif ication of pdyhydric ateohols such as glyc- 
erin with animal- and plant-fatty add esters; and the like. However, there are no partteular limitations placed on these 

(pdy)ester(poly)ols. . . ^. ui- *u 

Examples of (poly)carboxylate {(poly)ether (po!y)d} ester having polycarboxylic aad at a terminal, which forms the 
linking chain (c) described above indude (poly)cart3oxylate {(poly)ether (poly)ol} esters having polycarboxylic ackl at a 
terminal which are obtained by esterifffcation of (1) polycartwxylic adds such as sucdnic add, adipic ackl. phthalic aad. 
hexahydrophthalic add. tetrahydrophthallc add, fumaric add, isophthalic acW. itaconic acid, sebadc ackJ. maleic ackJ. 
trimellitic add, pyromeHHic ackJ, benzenepentacarboxyllc acid, benzenehexacartooxylic acW. citric ackl. tetrahydro- 
f urantetracarboxylic add. cydohexanetricarbosvlto add. and the Hke with (2) (poly)ether{poly)ols disdosed in the above 
(a), and the like. However, there are no particular limitations placed on these esters. 

Exanttles of (poly)carboxylate {(poly)ester (poly)oI) ester having polycarboxylic add at a terminal, whldt fdrms the 
linking chain (d) described above include (poly)cart>oxylate {(poly)ester (poly)ol} ester having polycartxwyllc add at a 
terminal which is obtained by esterification of (1) polycarboxylic acids such as sucdnic add. adipic ackl, phthalic aad. 
hwahydrophthalic ackl, tetrahydrophthallc add. fumaric add. isophthalic add. itaconic add. sebaac acW. maleic acid, 
trimellitfc add. pyromellitic add. benzenepentacarboxyllc acid, benzenehexacarboxylic add. atric aad, tetrahy- 
droturantetracaitxjxylic add. cydohexanetrlcarboxylic acW. and the like with (2) (poly)ester(poly)ols disdosed in the 
above (b). and the Bka However, there are no partteular fimitattons placed on these esters. 
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Examples of (poty)epoxide forming the linking chain (e) described above include epichlorohydrin-modified bisphe- 
nol type epoxy resin synthesized by the reaction of (methyl)epichlorohydrin with bisphenol A. bisphenol F. modified eth- 
ylene oxide thereof, modified propylene oxide thereof: eptchlorohydrin-modified hydrogenated hydrogenated bisphenol 
type epoxy resin synthesized by the reaction of (methyt)epichlorohydrin with hydrogenated bisphenol A and hydrogen- 
ated tMsphenol and by the reaction of ethylene oxide-modified or propylene oxide-modified hydrogenated kMsphenol 
A and bisphenol F; epoxy novolak resin; compounds obtained from the reaction of phenol, bisphenol. and the like with 
(methyl) epichlorohydrin; aromatic epoxy resin such as glyddyi ester of terephthalic acid, isophthalic add, pyromellitic 
acid, and the like; polyglycidyl ettiers syntiiesized from glycols such as (poly)6thylene glycol, (poly)propylene glycol, 
(poly)buty1ene glycol. (poly)tetFamethylene glycol, neopentyi glycol, and from alkylene oxide-modified glycols thereof; 
polyglycidyl ethers synthesized from aliphatic potyhydric alcohols such as trimethylol propane, trimethylol etheme. glyc- 
erin, digtycerin. eryttiritd, pentaerythritol. sorbitol. 1.4-butane dioi. 1,6-hexane diol. and the like, and from alkylene 
oxide-modified aliphatto polyhydric alcohols thereof; glyddyi esters syntiiesized from adipic add, sebadc acid, maleic 
acid, itaconic ackJ, and the like; glyddyi etiier of polyester polyol synthesized from polytrydrtc alcohol with polycartxsocylic 
acid; copolymers such as glyddyi (meth)acrylate and metiiylglyckJyl(meth)acrylate: aliphatic epoxy resin such as glyd- 
dyi ester of higher fatty acid, epoxidized linseed dl, epoxidized soybean oil, epoxidized castor dl. epaxklized polybuta- 
diene; and the like. However, there are no particular limitations placed on these (pdy)epQxkJes. 

AnrKMig these linking chains. R 2 is preferably (1) a (poly)ether linking chain having an average mdecular weight of 
100 to 100,000. and comprising a repeating unit containing Q) a straight chain alkylene group having 2 to 24 cart)on 
atoms. ® a branched all^ene group having 2 to 24 cartxsn atoms, (g) an alkylene group having a hydroxyl group and 
having 2 to 24 carbon atoms, and/or @ an aryl group having 6 to 24 cartxin atoms; or (2) a (poly)ester linking chain 
having an average mdecular weight of 100 to 100.000, and comprising a repeating unit containing (J) a straight chain 
alkylene group having 2 to 24 carbon atoms, (g) a branched alkylene group having 2 to 24 cartx>n atoms. <g) an 
alkylene group having a hydroxyl group and having 2 to 24 caxtm atoms, and /or ® an aryl group having 6 to 24 cartx>n 
atoms, more preferably (3) a (pdy)ettier linking chain having an average mdecular weight of 100 to 100,000. and com- 
prising a repeating unit containing O a straight chain alkylene group having 2 to 24 cartoon atoms, 0 a branched 
alkylene groi^ having 2 to 24 carbon atoms, or (3) an alkylene group having a hydro)^ group and having 2 to 24 carbon 
atoms, or (4) a (poly)ester linking chain having an average mdecular weight of 100 to 100,000. and comprising a 
repeating unit containing Q) a straight chain alkylene group having 2 to 24 cartxxi atoms, ® a branched alkylene group 
having 2 to 24 carbon atoms, or (g) an alkylene group having a hydroxyl group and having 2 to 24 cartx>n atoms. 

Maleimkle derivative represented by formula (1) which is used for an active energy ray curade composition of the 
present invention can be synthesized by wdl-known technique from the reaction of. for example, (a) a maleimide com- 
pound (a-1) having a cart>oxyl group with a compound (a-2) reactat)le with the carkx>xyl groups, or from the reaction of 
(b) a maleimide compourxJ (b-1) having a hydroxyl group with a compound (b-2) having a caitxsxyt group. 

A maleimide compound (a-1 ) having a cartxsxyl group can be synthesized fc)y well-known technique from the reac- 
tion of maleic anhydride witti a primary amino cartxMylic acid, represented by the following reaction fbrnnula (for exam- 
ple, see D.K Rich, etal.. Journal of Medical Chemistry, vol. 18. pp. 1004- 1010, 197S). 



Moreover, a maleimide compound (b-1) having a hydroxyl group can be synthesized by maldmkle and Ibmriakie- 
hyde, represented by reactton formula 



O 



p + H2N— Rn-COOH 




— Rii — COOH 
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H + HCHO 



|[^N-CH20H 



to 



T5 



20 



or by a well-known technique using maleic anhydride and a primary amino alcohol represented by the following reaction 
formula (for exairple. see U.S. Pat. No. 2526517 and JP-A-2-268155). 




b + H2N-R11-OH 



N-Rii-OH 



25 

Examples of a primary amino carboxylic acid include asparaglne, alanine, p-alanine. arginine. isoleucine, glycine, 
glutamine, tryptophan, threonine, valine, phenylalanine, homophenylalanine, a-methyl-phenylalanine. lysine, leuclrie, 
cydoleudne, 3-aminopropionic acid, a-aminobutyric acid, 4-aminobutyric add. aminovalerlc add, 6-aminocaproic add. 

30 7-aminoheptandc acid, 2-aminocaprylic acid, 3-aminocapry!ic acid. 6-aminocaprylic acid. 8-aminocaprylic acid, 2-ami- 
nononanoic acid, 4-aminononanoic acid, 9-aminononanoic acid, 2-aminocapric add, 9-amlnocapric add. lO-aminoca- 
pric acid, 2-aminoundecanoic acid, 10-aminoundecanoic add. 11-aminoundecandc add. 2-aminoIauric add, 11- 
amlnolauric acid. 12-aminolauric add, 2-aminotridecanoic add, 13-aminotridecandc acid, 2-amino myristic add. 14- 
amino myristic add, 2-aminopentadecanoic acid, 15-aminopentadecanoic add. 2-aminopalmitic add, 16-aminopalmitic 

3S add. 2-aminoheptadecandc acid. 1 7-aminoheptadecandc acid. 2-aminostearic acid. 1 8-aminostearic acid. 2-aminoe- 
icosanoic add. 20-aminoeicosanoic add, aminocyclohexanecarboxylic add, aminomethylcydohexanecarboxylic add. 
2-amino-3-propionic add. 3-amino-3-phenylproplonic add, and the like. However, there are no particular limitations 
placed on these primary amino carboxylic adds. Any primary amino carboxylic add can be used. In addition, pyrro- 
lidone. lactams such as 6-valerolactam, e-caproladam, and the like can be used. 

40 Examples of a primary amino ateohd indude 2-aminoelhanol. 1-amino-2-propanol, 3^mlno-1 -propanol, 2-amino- 
2-methyl-1-propanol. 2-amino-3-pheny1-1-propand. 4-amino-1-bulanol. 2-amino- 1-butanol, 2-amino-3-methyl-1-buta- 
nd, 2-amino-4-methylthio-1-butanol, 2-amino-1-pentanol. 5-amino-1-pentanol. (1-aminocydopentane)melhanol. 8- 
amino-1-hexand. 2-amino-1-hexanol, 7-amino-1 -heptanol, 2-(2-aminoethoxy)ethanol. N-(2-aminoelhyOethanol amine. 
4-amino-1-piperazine ethanol. 2-amino-1-phenylethand. 2-amino-3-phenyl-1 -propanol, 1-aminomethyl-1-cyclohexa- 

45 nd. aminotrimethylcyclohexanol. and the like. However, there are no particular limitations placed on these primary 
amino alcohols. Any primary amino alcohol can be used. 

Examples of compounds (a-2) reactive with the carboxyl groups indude polyots or polyepoxides having 2 to 6 func- 
tfonal groups and an average molecular weight of 1 00 to 1 00,000 comprising a part or a repeating unit in which at least 
one linking group selected from the group conslsUng of a straight chain alkylene group, a branched alkylene group, an 

so alicycfic group, and an aryl group is linked with an ether bond and/or an ester bond. 

Examples of conpounds (b-2) reactive with the hydroxy! groups include polycarboxylic add having ether bonds 
and/br ester bonds in one molecule, and an average molecular weight of 100 to 100,000, arKi comprising a part or a 
repeating unit In which at least one linking group selected from the group consisting off a straight chain alkylene group, 
a branched alkylene group, an alicydic group, and an aryl group is linked with an ether bond and/or an ester bond. 

65 "mere are no particular limitations placed on the reaction between maleimide compounds (a-1) having a cartjoxyl 
group and polyols one of the corrpound (a-2) reactive with the cartxjxyl groups. Moreover, maleimide derivatives rep- 
resented by formula (1) can be synthesized in a well-known manner disdosed in Organic Synthesis Coilective Volume 
{C.E. Rehberg. at a/., vol. 3, pp. 46. 1955). 
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tt is preferable that the reaction Is carried out under ambient pressure or reduced pressure, at the temperature in a 
range of room temperature to 1 50 ""C. while dehydrating and using a catalyst Examples of the catalyst include add cat- 
alysts such as sulfuric add. phosphoric acid, methane sutfbnicacid, benzenesutfbnic add. p-toluenesulfonic acid, 
strong acidic cation-exchange resin, and the like. It is preferable to select an amount of the catalyst within a range of 
5 0.01 to 10 wt% against the total weight of raw materials. 

Moreo^^er. an azeotropic organic solvent with water is also used as a solvent in the reaction. Examples of the aze- 
otropic organic solvent with water include toluene, benzene, butyl acetate, ethyl acetate, diisopropyl ether, dibutyt ether, 
and the like. 

There are no particular limitations placed on the reaction of the malelmtde compounds (a-1) having a cartxwyl 
10 group with polyepoxides which are one off the reactive compound (a-2) with the cartxixyl groups. In adcfition, maleimide 
derivatives represented by formula (1) can be synthesized in a well-known manner disdosed in JP-A-4-228529. 

It is preferable that the reaction is carried out at a temperature in a range of room temperature to 150 ^"0. using a 
catalyst Examples of the catalyst indude imidazoles such as 2-methyimidazde and the like; quaternary ammonium 
salts such as tetramethyl amnx)nium chloride, trimethyit>enzyl ammonium diloride. tetramethyl ammonium bromide, 
15 and the like; amines such as trimethytamine. triethylamine. benzylmethylamine, tributylamine. and the like; phosphines 
such as triphenylphosplune. tricydohexylphosphine. and the like; laurates such as dibutyltin laurate. and the like; basic 
alkali metal salts such as potassium acetate, potassium tertiary phosphate, sodium acrylate. sodium methacrylate, and 
the like; alkali ateoholates such as sodium methylate, potassium ethylate, and the like; anion-exchange resins; and the 
tika It is preferable to select an amount of the catalyst within a range of 1 0 to 1 0,000 ppm against the total weight of raw 
20 materials. 

Moreover, an organic solvent which does not comprise a reactive hydrogen may also be used as a solvent in the 
readion. Exanples of an organic solvent which does not comprise a reactive hydrogen indude aromatic hydrocartx)ns 
such as toluene, ethylbenzene. tetralin. cumene. xylene, arxl the like; ketones such as acetone, methyl ethyl ketone, 
^ methyl isobutyl ketone, cyclohexanone. and the WUb; esters such as formate, methyl acetate, ethyl acetate, rvtxjtyl ace- 
' 25 tate. and the like; and the like. 

There are no particular limitations placed on the reactk>n between the maleimide compounds (b-1) having a 
hydroxy! group and the compounds (b-2) having a cartxsxyl group. In addition, maleimide derivatives represented by fbr- 
mula (1) can be synthesized in a well-known manner disck)sed in Organic Synthesis CollecHye Volume (C.E. Reht>erg, 
et a/., vol. 3. pp. 46. 1955). 

30 it is preferat)le that the readion is carried out under ambient pressure or reduced pressure, at a temperature in a 
range of room temperature to 1 50 ""C. while dehydrating and using a catalyst Examples of the catalyst indude add cat- 
alysts such as sulfuric add. phosphoric acid, methanesulfbnic add. benzenesuHbnic add. p-tduenesutfonic add. 
strong acidic cation-exchange resin, and the like. It is preferable to select an amount of the catalyst within a range of 
0.01 to 10 w% against the total weight of raw material& - - . .. 

35 In this case, as the solvent for the reaction, it is possible to use organic eolvente which are azeotropic with water. 
Exarrples of such organic solvente are toluene, benzene, butyl ac^te, ethyl acetate, diisopropyl ether, and dibutyl 
ether, €uxl the lika 

In any cases of the above reactions, it is preferable to use a radical pdymerization Inhibitor in order to suppress the 
radical polymerization of maleimide groups. The radical polymerization inhitMtors indude. for example, phenol deriva- 

40 tives such as hydroquinone, tert-butylhydroquinone, metfioquinone, 2. 4-dimethyl-6-tert-butytphenol, cateool. tert-lxjtyl- 
catecol. and the like; amines such as phenothiazine. p-phenylenediamine, diphenylamine and the like; copper 
conplexes such as copper-dimetiiyldithiocart>amate, copper-diethykJithiocartsamate. copper-dibutyldithiocaibamate. 
and the like. These inhibitors may be used alone or in combinations of two or nfx>re. It Is preferable to select an amount 
of the Inhibitors within a range of 10 to 10.000 ppm against total weight of raw materials. 
^ 45 Examples of polyols used as a compound (a-2) reactive with the cartxsxyl groups indude, for example, but are not 
' limited to. polyall^ene glycols such as polyethylene glycol, polypropylene glycd, polybutylene glycol, polytetramethyl- 
ene glycd. and the like; modified alkylene glycols modified of alkytene glycols such as ethylene glycol, propanediol, 
propylene glycol, butanediol. butylene glycol, hexanedid. neopentyl glycd. glycerin, trimethylolpropane. pentaerythri- 
tol, diglycerin, ditrimethylolpropane. dipentaerythritol, and the like by ethyleneoxkie. propyleneoxide. butyleneoxide. tet- 

60 rahydrofuran. e-caprolactone. fbutylolactone, $-vale'dactone. and methylvalerolactone; aliphatic pdyols such as a 
copolymer of ethylene oxide with propylene oxide, a copolymer of propylene glycol witii tetrahydrofurgm. a copolym^ of 
ethylene glycol with tetrahydrofuran. polyisoprene glycol, hydrogenated poiyisoprene glycol, polytxitadiene glycd. 
hydrogenated polytxitadiene glycol, and the like; aliphatic pdyester polyds which are the esterification reaction prod- 
ucte of aliphatic dicartxixylfo adds such as adipic add and dimeric add with polyols such as neopentyl glycol and meth- 

55 yipentanediol, and the like; aromatic polyester polyols which are the esterification reaction producta of aromatic 
dicarboxyllc adds such as terephthalate with polyols such as neopentyl glycds; polycartx>nate polyols; acrylpdyols; 
polyhydric alcohols such as pdytetramethylenehexaglycerin ether (tetrahydrofuran-rrxxllfied hexaglycerin); compounds 
containing monohydroxyl group or polyhydroxy groups, and having an ether group at terminal ends of the polyhydric 
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alcohols described above; compounds containing polyhydroxyl group obtained by the esterification reaction of the 
above polytiydric alcohols with dicarboxylic acids such as fumaric add. phthalic acid, isophthalic acid, itaconic acid, adi- 
pic acid, sebacic acid, maleic acid, and the lil^e; compounds containing polyhydraxyl groups obtained by the transester- 
ification reaction of compounds containing polyhydroxyl groups such as glycerin wrth ester of fatly adds of animals and 

5 plants. Any polyols may be used if they contain 2 to 6 hydroxyl groups in the molecule. 

Examples of polyepoxides used as the compound (a-2) reactive with the carboxyl groups indude. for example, 
bisphenol-type epoxy resins modHied by epichlorohydrin. which are synthesized by (methyl)epichlorohydrin with biphe- 
nol A. and bisphenol F. and their modified compounds by ethyleneoxide, propyreneoxide. and the like: hydrogenated 
bisphenol-type epoxy resins and epoxy novolak resins modified by epichlorhydrin which are synthesized by 

10 (methyOepichlorohydrin with hydogenated bisphenol A, hydogenated bisphenol F, and their modified compounds by 
ethyleneoxide, propyleneoxides. and the like; reaction products of (methyl) epichlorohydrin with phenol and biphenol: 
aromatic epoxy resins such as glyddyl esters of terephthalic add, isophthalic acid, and pyrrditic add; polyglycidyl 
ethers of glycols such as (poly)ethylene glycol, (poly)propylene glycol. (poly)butylene glycol. (pdy)tetramethylene gly- 
col and their alkyleneoxide-modified-products; glycWyl ethers modified of aliphatic polyhydric alcohols such as trimeth 

IS yibipropane. trimethyldethane. glycerin, diglycerin, erythritol. pentaerythritol, sorbitol. 1 , 4-butanediol. 1 . 6-hexanedtol 
and their alkylenewide-modified compounds; glycidyl esters of carboxylic acids such as adipic acid, sebacic aad 
maleic add. and itaconic acid; glycidyl ethers off polyester polyols prepared by polyhydric alcohols and pdycarboxylic 
acids- copolymers of glyddyl(meth)acrylate and methylglycidyl{meth)acrylate; aliphatic epoxy resins such as glyddyl 
esters of higher fatty adds, epoxidized linseed oil, epoxidized soybean oil. epocidized castor oil. and epoxidized polyb- 

20 utadiene. 

Examples of polycartx)xylic ackJs as the compounds {b-2), having ether bonds and ester bonds, indude, for exam- 
ple but are not limited to, polycart)Oxylic acids obtained by esterifteation of dicarboxylic adds such as fumaric add, 
phthalic acid, isophthalic acid, itaconic add. adipic ackJ. sebadc add, maleic add. succinic ackJ. hexahydrophthalic 
acki. tetrahydrophthalic acW. pyromellitic add. and dicarboxylic add desaibed above with polyols described above, and 
2s represented by formula. 

HOOC-X'— COO— V4 OOG-)C-GOOH) „ 

wherein represents resWual dicaitooxyl groups, r represents resWual polyol groups, and n is an integer from 1 to 5. 
30 The maleimide derivatives represented by formula (1) and used forthe active energy ray curable composition off the 
present invention are obtained by aforementioned preparing methods, but are not Hmited to, tjy the method described 
herei nbefore 

It is possible to add a compound which is copolymerizaWe wrth the maleimWe groups to be used together in the 
active energy ray curable composition containing maleimide derivatives according to the present invention. Practical 

35 exarrcles of the conpounds which are copolymerizable wrth the maleimide groups are. for example, compounds having 
various unsaturated double bonds. Such ccxnpounds may indude, for example, maleimkle derivatives which are not 
represented by the above formula (1), (meth)acryloyi derivatives. (meth)acrylamkJe derivatives, vinyl ester derivatives, 
vinyl carboxylate derivatives, slyrene derivatives, and unsaturated polyesters. 

Examples off maleimide derivatives which are not represented by the above fomiula (1) indude, for example, but 

40 are not limited to, monofunctfonal aliphatic nrwileimides such as N-methylmaleimkJe, N-ethylmaleimkJe. N-propylmale- 
Imide. N-n-butyimaleimkJe. N-tert-butylmaleimkJe. N-pentyimaleimWe. N-hexylmaleimide, N-laurylmaleimide. 2-maIe. 
imWeethyl-ethylcartDonate. 2-maleimkJeethyl-isopropyl-carbonate, and N-ethyl-(2 - maleimkleethyOcariaamale; alicydic 
monofunctional maleimides such as N-cydohexylmaleimWe; aromatic monofunctional maldmWes such as N-pheij^- 
maleimkie. N-2-methylphenylmaleimide. N-2-ethylphenylmaleimkJe. N-(2, 6-diethylphenyl)maleimkje, N-a-cWorophe- 

45 nyimaleimide. and N-(4-hydrQxyphenyl)maIeimide; aliphatic bismaleimkJes such as N, N'-methylenebisnnaleimide, N-N - 
ethylenebismaleimWe, N. N*-trimethylenebismaleimide. N-N*-hexamethylenebismaleimide. N, N'-dodecamethylenebi- 
smaleimide. polypropylene glycol-bis(3-maleimklepropyi) ether, tetraethylene gycol-bis(3-maIeimidepropyl) ether, and 
bis(2-maleimkleethyl)carbonate; alicydic bimaleimides such as 1, 4KlimaleimkJecydohexane and isophoronebi- 
8urethanebls(N-ethylmalelrnide): aromatic bismalelmides such as N.N'-(4. 4'-dipheny]methane)bisnr»alemide, N. N44, 

so 4*diphenyloxy)bismalelmkle, N, N»-p^)henylenebismaleimWe. N. N'-m-phenylenebismaleimkie. N. N'-2. ^-tdylenebi- 
smaleimkle. N. N^-a. 6-tolylenebismaleimWe. N. N44. 4'*is(3. 5<JimethylphenyOmethane]bisiTial 
bis{3. 5-diethylphenyOmethane]bismaleimide; r^^"^*^*********^^ 



ridtiori^miiGittiill^ 



Compounds having acryloyloxy groups or melhacrytoyloKy groups can be dassified into, but are not limited to. 
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groups of (A-l); (poly)ester (m0th)acrylate. (A-2): urethane (meth)acrylate. (A-3); epoxy (meFth)aciytate. (A-4); 
(poly)ether (meth)acrylate. (A-5): all^ (meth)acrylate or alkylene (meth)aa7late. (A-6); (meth)acrylate having an aro- 
matic ring, and (A-7); (meth)acrylate having an allcyclic group. 

Names in the above classification are used as the general terms for respective compounds which can be used 

5 together in the active energy ray curable composition of the present invention. The (poly}ester (meth)acrylat6 (A-1 ) gen- 
erally designates (m6th)acrylates having at least one ester bond in the main chain; urethane (methjacrylate (A-2) gen- 
erally designates (meth)aciylates having at least one urethane bond in the main chain; the epoo^acrytate (A-3) 
generally designates (meth)acrylates obtained by a reaction between (meth)acryllc add and epoxide with one and 
more than one functional group; the (poly)ether(meth)acrylate (A-4) generally designate (meth)acrylates having at least 

10 one ether bond in the nrain chain; the alkyl(m6th)acrytate or alkylene(meth)acrylate (A-5) generally designates 
(meth)acrytates comprising the main chain formed by a linear alkyl. a branched alkyt, a linear alkylene, or a branched 
alkylene. and side chains or terminal ends having halogen atoms and/or hydroxyl groups; (meth)acrylate having an aro- 
matic ring (A-6) generally designates (meth)acrylates having an aromatic ring at the main chain or the side chain; 
(meth)acrylate having an alicyciic group (A-7) generally designates (meth)acrylates having, in the main chain or the 

15 side chain, alicyciic groups which may include oxygen atoms or nitrogen atoms as the structural unit. 

Examples off the (poly)e8ter (methjacrytates (A-1 ) which can be used together in the active energy ray curat)le com- 
position of the present invention include, for example, but are not fimrted to, monofunctksnal (poly)ester(meth)acrytate8 
such as alicyclic-modified neopentylglycol(meth)arylate (''R-629*' or "R-644'' produced by Nihon Kayaku Co.), caprolac- 
tone-modffied 2-hydroxyethyl(meth)acrylate. ethyleneoxide- and/or propyleneoxide-modrfied phthalate(meth)acrylate. 

20 ethyleneoxide-modrfied succinate(meth)acrylate. caprolactone-modified tetrahydrofurfuryt(meth)acrylate; pivala- 
teesternecpentylglycoldi(meth)acrytate. caprolactone-modified hydroxypivalateesterneoperTtylglucoldi(meth)acrylate. 
epichlorohydrine-modif ied phthalatedi(meth)acrylate; mono-, dl- or tri-(meth)acryiates of triol obtained by addition of 
more than 1 mol of cyclic lactones such as e-caprolactone, y-butyiolactone, 5-valerolactone or methylvalerolactone to 1 
mol of trimethylolpropane or glycerin; mono-, di-, tri, or tetra-(meth)acrylates of triol obtained by addition of more than 

25 1 mol of cyclic lactones such as e-caprolactone. y-butytolactone. 5-valerolactone or methylvalerolactone to 1 mol off pen- 
taerythritol or ditrimethytolpropane; mono- or poly-(meth)acrylates of polyhydric alcohols such as triol, tetrad, pentaol, 
or hexaol, obtained by addition of more than 1 mol of cyclic lactones such as e-caprolactone. y-butyiolactone. 6-valero- 
lactone or methylvalerolactone to 1 mol of dipentaerythritol; (meth)acrytates of polyester polyols composed of dtoi com- 
ponents such as (poly)ethylene glycol, (poly)propylene glycol, (poly)tertamethylene glycol. (poly)butylene glycol. 

30 (poty)pentanecfiol, (po}y)methylpentanediol, and (poly)hexanediol. and polyt)asic adds such as malerc add, fumaric 
ackf. sucdnic acid, adipk: add. phthalic add. hexahydrophthalic acki, tetrahydrophthalic ackj, itaconic add. citraconic 
ackl. hettic add. chlorendic add. dimeric acid, alkenylsucdnic add, sebadc add, azelaic add. 2. 2, 4-trimethytadipic 
acKl, 1, 4^clohexanedicartx3Kytic add. terephthalic add. 2-sodlum-sulfbterephthalic add, 2-potasstum suHbtereph- 
thaltc acid, isophthalic add, 5-sodium sulfoisophthalic ackj. 5-potassium sutfoisophthanc add. orthophthalic ackJ. 4-sul- . 

35 fdphthalic add. 1 . lO-decamethylenedicartxD^ic add. muconic add, oxalic add. malonic add. guKaric add. trimeintic 
ackt. pyromellitic acid; and polyfunctional (poly)ester(meth)acrylates composed of the above diol components, polyba- 
sic adds, and cydic lactone-modified potyesterdiols such as e-caprolactone. Y4xjtylolactone. 5-valerolactone or meth- 
ylvalerolactone. 

The urethane (meth)acrylate (A-2) which can be used together in the active energy ray curable composition of the 

40 present invention is a general term representing (meth)acrylates obtained by a reaction between hydroxy compounds 
having at least one acrytoyloxy group (A-2-1) and isocyanate compounds (A-2-2). 

Examples of hydroxy compounds having at least one acryloyloxy group (A-2-1) indude. tor example, 2-hydroxye- 
thyl(meth)acrylate, 2-hydroxypropyt(meth)acrylate, 2-hydroxyt>utyi(meth)acryiate. 3-hydroxybutyl(meth)acrylate. 4- 
hydroxytxjtyt(meth)acrylate. ^ck)hexanedim6thanolmorio(meth)acrylate. polyethylene glycd(meth)acrylate. polypro- 

45 p^ene glya)l(meth)acrylatei trimetliylolpropanedi(meth)acry1ate. trinwtf^lolethansdi(meth)acrylate. pentaerythritol- 
tri(rYieth)acrylate or an cdduct of (m6th)acrylate with glyddyl(meth)acrylate, (meth)acrylate oonrpounds having tiydroxyl 
groups such as 2-hydroxy-3-phendpropyl(meth)acrylate, and ring-opening reaction products of the above acrylato 
compounds having hydroxyl groups with e-caprolactone. 

Examples of isocyanate compounds (A-2-2) include, for example, aromatic diisocyanates such as p-phenylenedi- 

60 isocyanate, m-phenylenediisocyanate, p-xylenediisocyanate, m-^enedlisocyanate. 2, 4-toiyienediisocyanate, 2. 6- 
tolylenediisocyanate. 4. 4'-diphenylmethanednsocyanate, 3, 3'-dimethykiiphenyl-4, 4'-diisocyanate. 3. 3*-diethykJiphe- 
nyl-4, 4'-dii80cyanate. and naphthatenedilsocyanate: cUlphatic or alicydic diisocyanates such as Iscphoronediisocy- 
anate. hexamethylenediisocyanate, 4. 4*-dicyctohe3^methanediisocyanate. hydrogenated xyleneditsocyanate. 
nortx)m6nediisocyBnate, arxJ lysinediisocyanate; polyisocyanates such as buret products off more than one type of iso- 

65 cyanates and isocyanate-trimers of the above isocyanates: and polyisocyanates obtained by the esterif ication reactton 
of the above isocyanate with various polyols (A-2-3). 

Examples of polyols (A-2-3) used to produce polyisocyanates indude. for example. (p|Oty)alkylene glycols such as 
(poly)ethylene glycol. (|poly)prQpylene glycol. (poly)butylene glycol, and (pol^etramethylene glycol; all^eneglycols 
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modified by ethyleneoxide. propyleneoxide. butyleneoxide. letrahydrofuran. e-caprolactone. •rbutylolactone. S-valerol- 
actone or methylvalerolactone. such as ethylene glycol, propanediol, propylene olycd. telramethylene glycol pentam- 
ethylene glycol, hexanedlol, neopentyl glycol, glycerin, trimethylolpropane. pentaerythrrtol. diglycerin. 
dHrimethylolpropane. and dipentaerythrltol; aliphatic polyols such as copolymers of ethyleneoxide and propy^wwoxide. 
copolymers of propylene glycol and letrahydrofuran. copolymers of ethylene glycol and letrahydrofuran, polyisoprene 
alvcol hydrogenaled polyisoprene glycol, pdybutadiene glycol, and hydrogenated polybutadiene glycol: aliphatic poly- 
ester iiolyols obtained by esterification reactions between aliphatic dicarboxylic adds such as adipic acid and dimenc 
add with polypis such as neopentyl glycols and methylpentanediol; aromatic polyester polyols obtained by esterrfication 
reactions between aromatic dicarboxyfic adds sudi asterephthalic acid wHh polyols such as neopentyl glycol: pdycar- 
bonatepolyols; acrylpolyols; pdyhydric alcohols such as polytetramethylenehexaglyceryl ether (hexaglycenn modified 
by tetrahydrofuran): mono- or polyhydric coirpounds having of the above compounds having ether group at a terminal: 
polyhydric compounds obtained by esterification of the compounds having pdyhydroxyl groups with di<ait)oxyte acids 
such as fumaric add. phthalic acid, isophthalic add. itaconic acW. adipic add. sebadc add. and malew acid: com- 
pounds containing polyhydroxyl groups such as monoglyceride obtained by transesterification reactions of compounds 
having polyhydroj^l groups such as glycerin with esters of fatty acids of animals or plants. 

Epoxy(meth)acrylates (A-3) capable of being used together in the active energy ray curable composition of the 
present invention is a general tann fbr (meth)aaylate obtained by a readion of epoxides having more than one func- 
tional group and (meth)acrylic adds. Epoxides (A-3-1) as the raw material of epoxy(melh)acrylate indud^ for acam- 
ple. txit are not limited to. epichtorhydrin-nwdified-hydrogenated bisphenol-type epoxy ^^^^^^"^^ ^ 
(methyOepichlorohydrin and compounds sudi as hydrogenated bisphend A. hydrogenated bisphenol S. hydrogenated 
bisphend F. and their modified compounds with ethylene oxide or propylene oxide: alicydio epooqf resins such as 3. 4- 
epoxycydohexylmethyl-3. 4-epoxycyclohexanecaiboxylate. bis-{3. 4-epoxycydohexyl) adipate; a^taydw epraodw sudi 
Mepwy resin containing heterocydes such as triglyddylisocyanurate; epidilorohydrine-modrfied iMsphenyd-ty^ 
epoxy resins synthesized by a reaction of (methyl)epichlorohydrin and a compound such as bisphenol A. bisphend S. 
t^end F and thdr modified confounds with ethylene oxide or propyleneoxide: phenol novolak-type epoxy resins: 
c»6dnovdak-type epoxy resins; epoxy resins of dicydopentadiene-modffied phenol r^n ^"^^^^^'^^^ 
dicydopentadiene and various types of phend resins; an aromatic epoxydized compounds of Z.Z. 6. 6 - terlarnethy^- 
bisphend; aromatic epoxides sudi as pherylglyddyl ether: (pdy)glyddyl ethers of glycol compounds su* ^(Po W^th- 
ylene glycd. (poly)propylene glycd. ((X)ly)butylene glycd. (poly)tertiamethylene glycd. neopentyl gly^l; {PDly)gh^idyl 
ether J^Zmli with alkylene oxide: (poly)glyddyl ethers of aliphatic polyhydric alcdids such "tn-^o^" 
propane. trimethyldethane. glycerin, diglycerin. erythritd. penlaerythritd. soAftol. 1. 

al^ne type epoxides of (pdy)glyddyl ether modified of aliphatic pdyhync alcdids by alkylene; glycidylestere of «r- 
Slicad?ssl«h as adipic add. sebadc add. maldc add. and itacoric add: glyd^^ 

yhydric alcohds with pdycaiboxylic acids; a copolymer of gylddyl(meth)acrylate or melhylglycKJ)rt(me*)acrylate: 
glyddylester of higher fatty adds; aliphatic epoxy resins sudi as an epoxydized linseed oil, an epoxydized castor oil. 
and an epoxydized pdytjutadiena . , u: - _< 

(POMether (melhtecrylates (A-4) capable of being used together in the adive energy ray curable composition of 
the presMTt invention Indude. fbr exarrple, but are not limfted to. monofundional ^^'^'^^^^^^^^^ 
butQxyethyl(meth)acrylate, buloxytrielhylene glycol{meth)acrylate, epidilordiydnn-modified '>^('"»*)f <=^f^**^- 
dopenteivloxylethyl{melh)acrylate, 2.ethaxyethyl(meth)acrylate, ethylcarbitd(mett»)acrylate. 2-^«^{P°'y ^Bv^^"® 
glycol (meth)acrylate. methoxy(pdy)propylene glycd (melh)acrylate. noi^lphenoxypDhrett^ 
nonylphenoxypoWylene glycd (meth)acrylate. phenoxyhydroxypropyKrneth)acrylate^enoxy(pdy)e*ylene g^^^ 
SacrjSTpdyXlene Jycd mono(meth)acrylate. polypropylene glycd monp(melh)acrylate. f^^^^ 
Ucd /pdypr^ene glycd mono{meth)acrylate; alkylene glycol di{mett,)acrylales sudi as pdyelhrtene glycol 
di(meth)acryfate. polypropylene glycol di(meth)acrylate. pdybutylene glycd di(meth)acrylate, polytetramelhylene gly- 
col di(meth)acrylate; polyfundional {meth)acrylates induced by {meth)acrylic add with aliphatic pdyds such as a 
copolymer of ethylene oxide and propylene oxide, a copolymer of propyl«ie glycd and <«t™,»Vdra»uraa a c^ymerof 
ethylene glycd and tetrahydrofuran. polyisoprene glycol, hydrogenated pdyisoprene glj^ , poljrtx^ eneglycol, 
SSnS^eTpdybuladieirglycol; polyfundional (meth)acrylates induced by a'i^'<'.fd ««h pdyhyd^ alcohds 
2oh as pdytW!!mettv«eneh«aglyceryl ether (tetrahydrofuran-modtfied h««glycenrO; "^'^"^^^f^^^ 
d>tained Iwaddition of equimolar or more than 1 md of cydic ethers such as ethylene oxxle. P^opy^ wade butylene 
!^TaS«tetrahydSuran to 1 md of neopentyl oxide; dKmelh)acrylates of «J1^«~ 
sud, as bisphend A. bisphend F and bisphenol 8; di(melh)acrylate ofaU^rtene 
nds suchTs hydrogenated bisphend A hydrogenated bisphend F. *V*ofler«rte^ 
alkylene oxide-modified trisphends; di(meth)acrylates of alkytone o»deH«x«ed •v*ogena^ fr^^ 
di(meth)acrylates of alkylene oxide-modified p. p'-bisphends; di(meth)acrylates of alkylene oxide-modified hydrogen- 
ated Wsphenols; di(mett))acylates d alkylene oxide-modified R p'-dihydroxybenzophenones; morio-. <l'jj»na 
(meth)^ylates of Irids drained by addition of equimdar or more than 1 md of ethylene oxide, propylene oxide, buly- 



12 



Printed from Mimosa 05rt)8/04 08:26:10 Page: 12 



EPO 878482 A1 



lene oxide, and/or cyclic ethers such as tetrahydrofuran to 1 mol of trimethylolpropane or glycerin; 

mono-, di*. tri- or tetra-(meth)acrylat6S obtained by addition of equimolar or more than 1 mole of ethylene oxide, 
propylene oxide, butylene oxide, and/or cyclic ethers such as tetrahydrofuran to 1 mol of pentaerythritol or ditrimethyt- 
olpropane; monofuncttonal (poly)6ther(meth)acrylate8 or polyfunctional (poly)ether(meth)acry1ates of polyhydric alco- 
5 hols such as triol, tetraol, pentad, or hexaol of mono- or poly-(meth)acrylate8 obtained by addition of equimolar or more 
than 1 mol of ethylene oxide, propylene oxide. tHitylene oxide, and/or cyclic ethers such as tetrahydrofuran to 1 tno\ of 
dipentaerythritol. 

Alkyl(meth)acrylates or alkylene(meth)acrylates (A-5) which can be used together in the active energy ray curable 
composition of the present invention include, for example, but are not limited to. monofunctional (meth)acrylate8 such 

10 as m6thyt(meth)acrylate. ethyl(meth)acrylate. propyl(meth)aaylate, isopropyl(meth)acrylate. butyl(meth}acrylate. iso- 
butyl(meth)acrylate, pentyl(meth)acrylate. isopenfyl(meth)acrylate, neopentyl(meth)acrylate, hexyl(meth)acrylate, hep- 
tyl{meth)acryfate. 2-ethythexyl(meth)acrylate. octyl(meth) aery late, isooctyl{meth)acrylate, nonyl(meth)acrylate. 
decyl(meth}acrytate. dodecyl(m6th}acrylate. tridecyl(meth)acrylate, pentadecyl(meth)acrylate, miristyl(meth)acrylate. 
palmityl(meth)acrylate. stearyl(meth}acrylate, neryl(meth}acrylate. Qeranyl(meth)crytate. famecyt(meth)acrylate. hexa- 

15 decy1(moth)acrylate, octadecyl(meth)acrylate, docosyl(meth)acrylate. and trans-2-hexene{meth)acrylate: di(meth)acr- 
ylates of aliphatic diols such as ethylene glycol di(meth)aaylate. propylene glycol di(meth)acrylate, 1, 2-butylene glycol 
di(meth)aaylate, 1. 3-butylene glycol di(meth)acrylate. 1. 4-butanediol di(meth)aGrylate. 1. G-hexanedioi di(m6th)acr- 
ylate, neopentyl glycol di(meth)acrylate, 2-m6thyl-1. 8-octanediol di{m6th)acryiate, 1, 9-nonanedlol dl(meth)acrylate, 
and 1, 10-decanediol di(m^)acrylate: mono(meth)acrylates or poly(meth)acrylates of polyhydric alcohols such as tri- 

20 methyldpropane. (hereinafter, the term Ipoly" is used as the general term of the polyfunctionats including c£. tri, tetra. 
and poly compounds such as mono(meth)acrylate. di(meth)acrylate. and tri(meth)aaylate of trimethylolpropane), and 
mono(meth)acrylates or poly(meth)acrylates of polyhydric alcohols such as triol, tetraol, and hexaol. for example, glyc- 
erin, pentaerythritol. ditrimethylolpropane, and dipentaerythritol: (meth)acrylates having hyroxyl groups such as 2- 
hydroxyethyl(meth)acrylate, 2-hydrQxypropyl{meth)acrylate. 4-hydroxybutyl(meth)acryIate, 3-chloro-2-hydroxye- 

25 thyl(meth)acrylate; (meth)acrylates having bromine atoms such as 2, 3-dibromopropyl(meth)acrylate, tribromophe- 
nyl(meth)acrylate. ethylene oxide-modofied tribromophenyl(meth)acrylate. ethylene oxide-modified 
tetrabromobisphend A di(meth}acrylate; (meth)acryiates having fluorine atoms such as trifluoroethyl(meth)acrylate. 
pentafluoropropyl(meth)aarylate. tetrafluoroprGf3yt(meth)aaylate. octafluoropentyl(meth)acrylate. dodecafluorohep- 
tyl(meth)acrylate. hexadecafluorononyi(meth)acrylate, hexafluorobutyt(meth)acrylate. 3-perfluorobutyl-2-hydroxypro- 

30 pyl(meth)acrylate, 3-peffluorohexyl-2-hydroxypropyl(meth)acrylate, 3-perfluorooclyl-2-hydroxypropyl{meth)acrylate. 3- 
(perfluoro-5-methylhexyO-2-hydroxypropyl(meth)acrylate, 3-(perfluoro-7-methyloctyO-2-hydroxypropyl(nriefl^ 
and 3-(perfluoro*8'methyldecyl)-2-hydroxypropyl(meth)acrylate. 

(Meth}acrylates (A-6) having aromatic groups which can be used together in the active energy ray curable conpo- 
.sition of the present invention indude. for example, but are not limited to. monofunctional (meth)acrylates such as phe- 

35 nyl(meth)acryiate. benzyiacrylate; and cli(meth)acrylates such as bisphend A diacrylate, kxsphend F diacrylate. 
bisphend S diacrylate. 

(Meth)acrylates (A-7) having allcydic groups which can be used together in the active energy ray curable compo- 
sition of the present invention indude, for example, but are not limited to, monofunctional (meth)acrylates having alicy- 
dic structures such as cydohexyl(meth}acrylate. cydopenty1(meth)acrylate, cydoh^>tyl(meth)acrylate. 

40 bicydoheptyl(mefh)acrylate. isobomyl(m6th)acryiate, bicydopentyldi(meth)acrylate, tricydodecyl(meth)acrylate. bicy- 
dopentenyt(meth)acrylate, nortx>rnyl(meth)acrylate, bicyclooctyl(meth)acrylate. tricydoheptyl(meth)acrylate, and cho- 
testeroid-skeleton-sut>stituted (meth)acrylate; di(meth)acrylates of hydrogenated btsphenols such as hydrogenated 
bisphend A, hydrogenated bisphenol F. hydrogenated bisphend S, di(meth)acrylates d hydrogenated trisphenols such 
as hydrogenated trisphenols, and di(meth)acrylates of hydrogenated p, p*-btsphenois: polyfuctional (meth)acrylates 

45 having cydic structures such as dicyclopentane type di(meth}acrylate such as "Kayarad R684" (produced by Nihon 
Kayaku Co.). tricydodecaneGBmethytoldi(meth)acryate. bisphenolfIuorenedihydroxy(meth)aGrylate; and alicydic aa- 
ytates having oxygen atoms and/or nitrogen atoms such as tetrahydrofurfuryl(meth)acryiate, and morphdinoe- 
thyt(m6th)acrylate. 

As compounds having acrytoyi groups or methacryloyi groups which can l>e used together in the active energy ray 
so curable connposltion of the present invention, it is possible to use. beside the above recited compounds, for example. 
poly(meth)acryl(meth)acrylates such as a reaction product of (metti)acrylic add polymer and glycidyl(meth)acrytate, 
and a reaction product of glyddyl(meth)acrylate polymer and (meth)acryiic add; (metii)acrytate having amino groups 
such as dmetiiylamlnoetiiyl(metii)acrylate; lsocyanui(metii)acrylates such as tris((meth)acry10Kyettiyl)isocyanurate; 
phosphagene(meth)acrytate such as hexakis[(meth)acrytoylQxyethyOcydotriphosphagen]; (meth)acrylate having the 
55 sketton of pdysiloxane; pdytxjtadiene(meth)acrylate; and mdamine (metti)acrylate. Among these compounds having 
acryloyi or methacryloyi groups, it is preferable to use the conipounds having 1 to 6 acryloyi or methacryloyi groups. 

(Meth)acrylamide derivatives which can be used together in the active energy ray curable composition of the 
present invention indude. for example, monofuntiormi (metti)acrylamides such as N-isopiopyl(meth)acrylamide and 
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polyfunctional (meth)acrylamides such as methyl enebis(meth)acrylamide. 

Confounds having vinyl ether groups which can be used together in the active energy ray curable composition of 
the present invention can be dassHied into, but are not limited to. the following groups, in which. {B-1): an alkyi vinyl 
ether having a terminal group substituted with at least one selected from the group consisting of a hydrogen atom, a 
halogen atom, a hydroxyl group, and an amino group: (B-2): a cycloalkyi vinyl ether having a terminal group substituted 
with at least one selected from the group consisting of a hydrogen atom, a halogen atom, a hydroxyl group, and an 
amino group; (B-3): at least one vinyl ether selected from the group consisting of a monovinyl ether, a divinyl ether, and 
a polyvinyl ether in which a vinyl ether group is connected with alkylene group; and in which a vinyl ether group is con- 
nected with at least one group with and without substituent selected from the group consisting of all^yl group, cycloalkyi 
group, and aromatic group, via at least one linkage selected from the group consisting of an ether linkage, an urethane 
linkage, and an ester linkage. _ 

Aikylvinyl ethers (B-1) which can be used together in the active energy ray curable compositon includes, for exam- 
ple but are not limited to. methyl vinyl ether, hydroxymethyl vinyl ether, chloromethyl vinyl ether, ethyl vinyl ether. 2- 
hydroxyethylvinylether. 2-chloroethytvihylether. diethyl aminoethyl vinyl ether, propyl vinyl ether. 3-hydroxypropyl vinyl 
ether, 2-hydroxypropyl vinyl ether. 3-chloropropyl vinyl ether. 3-aminopropyl vinyl ether, isopropyl vinyl ether, butyl vinyl 
ether 4-hydro)cybutyl vinyl ether, isobutyl vinyl ether. 4-aminobutyl vinyl ether, pentyl vinyl ether, isopentyl vinyl ether, 
hexyl' vinyl ether. 1, 6-hexanedlol monovinyl ether, heptyl vinyl ether, 2-ethylhexyl vinyl ether, octyl vinyl ether, isooctyl 
vinyl ether, nortyl vinyl ether, isorwnyl vinyl ether, decyl vinyl ether, isodecyl vinyl ether, dodecyl vinyl ether, isododecyl 
vinyl ether tridecyl vinyl ether, isotridecyl vinyl ether, pentadecyl vinyl ether, isopentadecyl vinyl ether, hexadecyl vinyl 
ether, ocladecyl vinyl ether, methylene glycol divinyl ether, ethylene glycol divinyl ether, propylene glycol divinyl ether. 
1. 4-butanediol divinyl ether. 1. 6-hexanediol divinyl ether, cyclohecanediol divinyl ether, trlmethylolpropane trivinyl 
ether, and pentaerythritol tetravinyl ether. 

Cycloalkyi vinyl ethers (B-2) which can be used together in the active energy ray curable compositon of the present 
invention includes, for example, but are not limited to. cyclopropyl vinyl ether. 2-hydroxycyclopropyl vinyl ether. 2-chlo- 
rocyclopropyl vinyl ether, cydopropylmethyl vinyl ether, cydobutyl vinyl ether. 3-hydroxycydobutyl vinyl ether. 3-chloro- 
cydobutyl vinyl ether, cyclobutyimethyl vinyl ether, cydopentyl vinyl ether. 3-hydroxycyciopentyl vinyl ether, 3- 
chlorocyclopentyl vinyl ether, cydopentylmethyl vinyl ether, cydohexyl vinyl ether. 4-hydroxycyclohexyl vinyl ether, 
cydohexylmethyl vinyl ether. 4-aminocyclohexyl vinyl ether, cyclohexanediol monovinyl ether, cydohexanedimethanol 
monovinyl ether, and cydohexanedimethanol divinyl ether. ^ u 

Among (B-3) compounds which may be used together in the active energy ray curable composition of the present 
invention induding monovinyl ethers, divinyl ethers, and polyvinyl ethers, in which the vinyl ether linkage connects with 
an alkylene group, and at least one group selected from a group consisting of an alkyt group, an alfcydic group and an 
aromatic group which may have a substituents connects with a linkage selected from a finkage consisting of an ether 
linkage, an urethane linkage, and an ester linkage, examples of the compounds (B-3-1) containing an ether linkage, for 
example but are not limited to. ethylene glycol methyl vinyl ether, diethylene glycol monovinyl ether, diethylene glycol 
methylvinyl ether diethylene glycol divinyl ether, triethylene glycol monovinyl ether, triethylene glycol methylvinyl ether, 
triethylene glycol divinyl ether, polyethylene glycol monovinyl ether, polyethylene glycol methylvinyl ether, polyethylene 
glycol divinyl ether, propylene glycol methylvinyl ether, dipropylene glycd monovinyl ether, dipropylene glycol methylvi- 
nyl ether dipropylene glycol divinyl ether, fripropylene glycd monovinyl ether, fripropyiene glycol methylvinyl ether, 
tripropylene glycol divinyl ether, polypropylene glycol monovinyl ether, polypropylene glycol methylvinyl ether polypro- 
pylene glycol divinyl ether, tetramethylene glycol methylvinyl ether, di(tetramethylene glycol) monovinyl ether. di(tetram- 
ethylene glycol)methyl vinyl ether. di(teframethylene glyooD divinyl ether. fri(tetramethylene glycol) monovinyl ether. 
tri(tetramethylene glycol) methylvinyl ether, fri(tetramethylene glycol) divinyl ether. poly{tetramethylene glycoQ rnonovi- 
nyl ether. poly(tetramethylene glycol) methylvinyl ether. poly(tetramethylene glycoD divinyl ether. 1. 6-hexanedidmethyl 
vinyl ether di(hexamethylene glycol)monovinyl ether. di(hexamethylene glycol) methylvinyl ether. di(hexamethy1ene 
glycol) divinyl ether. tri(hexamethylene glycol) monovinyl ether. tri(hexamethylene glycol) methylvinyl ether, fri(he)«me- 
thylene glycol) divinyl ether. pdy(hexamethylene glycd) monovinyl ether. poly(hexamethylene glycol) methylvinyl ether, 

poly(hexamethylene glycd) divirvl ether. ^ ^ . *u u^ir 

Among coirpounds dassified in the above (B-3) having vinyl ether linkages, the conrpounds having urethane link- 
ages may be obtained by the urethanallng reaction between (a) a monovinyl ether of (poly)alkylene glycol having at 
least one hydroxy! group in one molecule and (b) a compound having at least one isocyanate group in one molecule. 

Among these compounds, the monovinyl ether (a) of (pdy)alkylene glycd indude at least one hydroxyl group in a 
molecule, for example. 2-hydroxyethyl vinyl ether, diethylene glycd monovinyl ether, polyethylene glycd monovinyl 
ether. 3-hydroxypropyl vinyl ether. 2.hydroxy.2-methylelhyl vinyl ether, dipropylene glycol monovinyl ether, polypropyl- 
ene glycol monovinyl ether. 4-hydroxybutyl vinyl ether, and 1 . 6-hexanedid monovinyl ether. 

On the other hand, conpounds (b) having at least one isocyanate group In one molecule include, for example, aro- 
matic diisocyanates such as m-isopropenyl^. a-dimethylbenzylisocyanate, p-phenylenediisocyanate. m-phenylenedi- 
Isocyanate. p-xylenediisocyanate, m-xylenedilsocyanata 2. 4-tolytenedii80cyanate. 2, 6-tolylenediisocyanate, 4. 4- 
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diphenylmethanediisocyanate, 3. 3*-diethyldiphenyl-4, 4*-diisocyanate, 3, 3'-dimethyldv>henyl-4. 4*-<fiisocyanate. naph- 
thalenediisocyanate; and aliphatic and alicydic isocyanates such as propylisocyanate. isophoronediisocyanate. hexam- 
ethylenediisocyanate, 4, 4*<licydohexylmethanediisocyanate, hydrogenated xylenediisocyanate, noit>omene- 

diisocyanate, lysindiiGOcyanate. 

* 5 it is also possible to use isocyanate compounds such as dinners or trimers comprising more than one of these iso- 

cyanate monomers, and to use adduct compounds obtained by urethanating reactions between isocyanate compounds 
containing more than 2 isocyanate groups in one molecule and various alcohols. 

Various alcohols can be used for obtaining adduct products, if the alcohol contains at least one hydroxyl group. 
Although there is no limitation, it is preferable to use an alcohol with an average molecular weight of less than 100,000. 
10 Exairples of such alcohols include, for example, methanol, ethanol. propand, isopropanol, butanol, isobutanol, ethyl- 
ene glycol, 1. 3-propylene glycol, 1, 2-pfopytene glycol, diethylene glycol, dipropytene glycol, neopentyl glycol. 1. 3- 
butanediot. 1. 4-butanediol, 1. 6-hexanediol. 1. 9-nonanedlol, 1. 10-decanediol. 2, 2'. 4-trimethyl-1. 3-pentanediol. 3- 
methyl*1 , S-pentanediol, dichloroneopentyl glycol, dibromonecperrtyl glycol, neopentylglycol hydroxypivalate, cydohex- 
anedimethylol. 1. 4-cydohexanediol. spiro glycol, tricydodecanedimethylol, hydrogenated bisphenol A. ethylene oxide- 
75 modified bisphenol A. propylene oxide-modified bisphenol A, dimethytol propionic acid, dimethylol butanoic add, tri- 
methyld ethane, trimethylolpropane, glycerin, 3-methylpentane-1, 3, 5-triol, tris(2-hydr0xyethyl}i8OcyanurBta 
Pdlyester-polyols, polyether-polyds, pdycarbonate-pdyols may be used for obtairting adduct products. 
These alcohols can be used alone or in combinations of two or nmre. 

Polyester-polyols obtained by reactions of the atxive polyoi components and cartxxxyllc adds may be used in pre- 

20 paring the adduct products. In regard to cartxsxylic adds, any conventional cartx»ylic adds or anhydrides thereof may 
be used. Examples of these cartxaxylic acids iridude. for example, maleic add. fumaric add. itaconic add. cttraconic 
acid, tetrahydrophthalic add, hettic add, chrolendick add, dimeric add. adipic add, suodnic add, alkenylsucdnic add, 
sebadc add, azelaic add. 2, 2, 4-trimethyladiptc acid. 1 , 4-cydohexanedicarboxylic add, terephthalic add. 2-sodium- 
;f suffbterephtiialic acid, 2-potassiumsulfoterephthalic add, isophtiialic add; S-sodlumsulfoisophthalic add, S-potasdum- 

25 sutfoisophthalic add; di-lower-alkylesters of S-sodium-suHoisophthalic add such as dimethyl- or diettiylesters of 5- 
sodium-sulfbisophthalic add; orthophttiaRc add, 4-sulfdphthatic acid, 1, lO-decamethylenecarlxxxylic add, muoonic 
acid, oxalic acid, malonic acid, glutaric add, trimellitic acid, hexahydrophthalic acid, tetrabromophthalic add. methylcy- 
dohexenetricart>axylic add or pyromellitic add. anhydrides thereof and ester oompoiffids of these adds witti alcohols 
such as methanol and etfianol. It is also possQ3le to use lactone-pdyols obtained 1:^ the ring-opening reaction t^etween 

30 e-caprolactam arxl the above described polyols. 

In regard to polyetiier polyds. conventional pdyetiier polyols can be used in obtaining adduct products. Examples 
of such pdyether-polyds are. for example, but are not limited to, ether glycols such as polytetramethylene glycol, pro- 
pylene oxide-modified polytetramethylene glycol, ethylene oxide-nnodified polytetram^tiylene glycd, polypropylene gly- 
col, polyethylene glycol, and polyether polyds obtained by ring-opening readions of cydic ettiers by use of more than 

35 three functional polyols as an Initiator. 

PDtycartx>nate-pdyols used in adduct products are okstained by tiie transesterification reactions of (c) cartx>nates 
and (d) various pol^s. Examples of cartx)nates (c) are, for example, but are not limited to. diphenylcarix)nate, biscHo- 
rophenylcarbonate. dinaphtylcartx>nate. phenyl-tDly!-cartx)nate. phenyl-chforophenyl-cartx>nate, and 2-tolyl-4-tolyl-car- 
tx)nate: diaryl- or dicUkyl-cartxinates such as dimethylcart>onate arxl diethylcaitx)nate. Examples of pdyols (d) which 

40 can be used in the above reaction indude the alcohols, polyols. pdyester pdyols. and polyether polyols described 
atxive. 

Compounds (B-3-3) having ester linkages classified in vinyl ether groups (B-3) can t>e obtained by the esterif ication 
reaction of (e) monovinyl etiier of alkylene glycol having at least one hydroxyl group in a molecule with (f) a compourxi 
having at least one cari^axyl group in a molecule. 
45 Examples of (e) monovinyl ether of alkylene glycol having al least one hydroxyl group In a molecule are the same 
compounds as recited as (a) components off the above compounds having urettiane K)onds. 

It is possible to use well-known cartxixySc adds and anhydride thereof for the compounds having at least one car- 
boxy! group in a molecule. Examples of tiie compound (f) having at least one cartxxxyl group in a molecule Indude. for 
example, but are not limited to, formic acid, acetic add, propfonic add, valeic add, benzoic add, maiek: add, fumaric 
so acki, itaconic add, crtraconic add, tetrahydrophthalic add, hettic add, chlorendic add, dimeric add. acfipic add. suc- 
dnic add, alkenylsucdnic add, sebadc add, azelak; add, 2.2', 4-trimethyladlpic add, 1 , 4-cydoh6xanedk;arix>xyl add, 
terephtiialic add, 2-socliumsulfoterephthalic add, 2-potasslumsulf6terephthaIic add, Isophtiialic add. S-sodium-suKbi- 
sophttialic add. 5-potassiumsulfoisophthalic add; dl-lcwer-alkylesters of 5-sodium-sulfoisophthalic add such as dime- 
thyl- or diethyl-esters of 5-sodium-sulfoisophttialic add, ortiiophthallc add. 4-sulfophthalic add. 1, lo- 
ss decamettiylenedicaitXKyllc add. muconic acid, oxalic add, mafonic add, glutaric add, trimellitic add, hexahydroph- 
thalto add, tetrabromophthalic add. methylcydohexenetricartxsxyOc add or pyromellitic add, and anhydrides of these 
compounds. In addition, cartxscyl adds obtained by reactions between compounds having nrK>re than two cartxxxylic 
groups and various afoohols, wliich are used as ^) component cunong compounds having urethane linkages, and 



15 



Printed from Mimosa 05/08/04 08:26:13 Page: 15 



EP 0 878 482 A1 



which is used in obtaining adduct products of isocyanate. 

Vinyl cartx)xytate derivatives which can be used together in the active energy ray curable conpositions include, for 
example, vinyl acetate and vinyl cinnamate. Styrene derivatives include, for example, styrene and divinytstyrene. 

Unsaturated polyesters which can be used together in the active energy ray curable composition include, for exam- 
5 pie, maleates such as dimethylmaleate and diethylmaleate; fumarates such as dimethylf umarate and diethylfumarate: 
and esterlfication products of unsaturated polycartxaylic acids such as maleic acid and fumaric acid and pdyhydric 
alcohols. 

Unlimited combinations of one or more of any compounds can be used, without being limited to the compounds 
described hereinbefore, as curable compounds which can be used together In the active energy ray curable composi- 
10 tion of the present invention, if the compounds are copoiymerizable with maleimlde group of the maleimWe derivatives 
which Is represented by the general formula (1). 

Although there is no particular limitation in the ratio of maleimlde derivatives which are not represented by formula 
(1) to the maleimlde derivatives represented by formula (1), when both maleimlde derivatives are used together in tiie 
active energy ray curable composition containing maleimlde derivatives, it is preferable to select the ratio of maleimlde 
15 derivative other than these represented by formula (1 ) equal or less than 95% by weight and more preferably equal or 
less than 90% by weight. 

Although there is no limitation in the ratio of a compound having acrytoyloxy or methacryloytoxy groups to the male- 
imlde derivatives represented by formula (1), when used in the active energy ray curable composition of the present 
Invention containing maleimlde derivatives, it is preferable to use the compound having acryloyloxy or methacryloyloxy 

20 groups such that 100 parts by weight of the compounds having acryloyloxy or methacryloyloxy groups constitutes a 
ratio of equal or more than 5 parts by weight of maleimlde derivatives represented by formula (1), and. more preferably, 
the ratio of equal or more than 20 parts by weight from the point of view of the curing speed. 

When a compound having vinyl ether groups is used together In the active energy ray curable composition contalri- 
ing maleimlde derivatives of the present invention, there is no limitation on ttie ratio to be incorporated in the compos- 
es tion. However, it is preferable to use the compound having vinyl ether groups such tiiat 100 parts by weight of tiie 
conpound having vinyl ether groups constitutes a ratio of equal or more tiian 5 parts by weight of maleimlde derivatives 
represented by formula (1). and the use of equimolar anrxjunt of a vinyl ether group to a maleimlde group is more pref- 
erable from points of view of the curing speed and a cured film property. 

The active energy ray curable composition of the present invention has an intrinsic spectral sensitivity in a range of 

30 200 to 400 nm, and K Is possible to polymerize under a Irradiation of ultraviolet or visible light witiiin a range of 180 to 
500 nm. even witiiout use of a photoinitiator. It was observed that lights witti wavelengths at 254 nm. 308 nm. 313 nm. 
and 365 nm are effective in curing of the active energy ray curable composition off the present invention. It is also pos- 
8it)le to cure or polymerize tiie present active energy ray curable composition not only by the ultraviolet light but also by 
light other than ttie ultraviolet light and by heat Moreover, it is possible to cure the present active energy ray curable 

35 composition in air and/or an inert gas. 

Various light sources of the ultraviolet light and the visible light may be used such as, for example, a low-pressure- 
mercury lanp, a high-pressure-mercury-lamp, an ultiBhigh-pressure-mercury lamp, a metal hailde lamp, a chemical 
laifnp. a black-light lamp, a mercury-xenon lanp. an exclmer lamp, a short-arc lamp, a helium-cadmium laser, an argon 
laser, an exclmer laser, and sunlight. 

40 The active eneigy ray curable composition of the present invention can be cured under inradlation of ultraviolet light 
or visible light, in the absence of a photoinitiator. In order to effectively cure ttie composition of the present invention, 
conventional photoinitiators may be used for polymerization. The photolnitiators may be classified into two groups: one 
Is an intramdecular-bond-cleavage type and the ottier is an intramolecular-hydrogen-abstraction type. 

Examples of ttie Intramolecular-bond-cleavage type photoinitiators include, for example, acelophenones such as 

4S diettioxyacetophenone. 2-hydroxy-2-mettiyI-1-phenylpropane-1-one. benzykJImethylketal, 1-(4-isopropylphenyl)-2- 
hydroxy-2-mettTylpropan-1 -one. 4-{2-hydrQxyettiox^phenyl-{2-hydroxy-2-propyOketone. 1 -hydroxycyclohexyl-phe- 
nylketone, 2-mettiyl-2-morpholino(4-ttiiomethylphenyl)propan-1-one, and 2-benzyl-2-dimettiylamino-1-(4- nwr- 
pholinophenyl)-butanone, benzoins such as benzoin, benzoinmettiyl ettier, benzoinlsopropyl ettier; acylphosphlne 
oxides such as 2, 4. 6-trimethylbenzoindiphenylphosphine ©odes; benzyl and metiiylphenylglyoxyester. 

so Exanples of Intfamotecutar-hydrogen-abstraction type photoinitiators include, for example, benzophenones such 
asbenzophenone, mettiyl-4^enylbenzophenoneo-benzoylberzoate, 4, 4*-dichlorobenzophenone. hydroxybenzophe- 
none, 4-benzoyl-4'-mettvl-diphenylsulfkJe. acrylio-benzophenone. 3.3'. 4, 4'-tetra(t-butylperaxycari3onyObenzophe- 
none. 3. 3'-dlmethyl-4-mettTOxybenzophenone: thksixanthones such as 2-isopropymiiaxanttione. 2. 4- 
dimettiylttiloxanthone, 2. 4-diethylthioxanthone. 2. 4-dichlorottikaanttione; aminobenzophenones such as Michler^ 

55 ketone, 4, 4'-diettiylamlnobenzophenone; 10-butyl-2-chloroacridone. 2-ettiylanttiraquinone, 9, 10-phenanflirenequi- 
none. and camphorqUnone. 

It is preferable to add the photoinitiator, if necessary, to the active energy ray curable conposition within a range of 
0.01 to 10.00% by weight 
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Although the active energy ray curable composition of the present invention can be cured by irradiation of ultaviolet. 
it is also possible to use a light sensitizer for efficient curing. 

Examples of such sensitizers are. for example, amines such as triethanolamine. methytdiethanolamine, triisopro- 
panolamine, methyl 4-dimethylamlnobenzoate, ethyl 4-dimethylaminobenzoate. isoamyl 4-dimetfTylaminobenzoate, (2- 
5 dimethylamino)ethyl benzoate, (n-butoxy)ethyl 4-dimethylaminobenzoate, and 2-ethythexyl 4-dimethylaminobenzoate. 

It is preferat)le to add the tight sensitizer to the active energy ray curatsle composition within a range of 0.01 to 
10.00% by weight 

It is possible to further use together, if necessary, additives such as non-reactivecompounds. inorganic fillers, 
organic fillers, coupling reagents, adhesive reagents, antifoaming reagents, leveling reagents, plasticlzers. antioxidants. 
10 ultraviolet-absorbers, flame retardants. pigments, dyes, and paints. 

Examples of the non-reactive compounds which are usat)le together in the active energy ray curable conposition 
include, for example, but are not limited to. liquid or solid oligomers or resins with a low reactivity or non- reactivities 
such as. alkyi (meth)acrylate copolymer, epoxy resins, liquid polytHitadiene. liquid polybutadiene derivatives, liquid 
. chloroprene. liquid polypentadiene. dichloropentadiene derivative, saturated polyester oligomer, polyether oligomer, liq- 
IS uid polyamide, polyisocyanate oligomer, xylene resin, ketone resin, petroleum resin, rosin resin, fluorinate-type oli- 
gomer, silicone-type oligomer, potysutfkie oligomers. 

Inorganic and organic fillers are generally used for Improving mechanical properties such as strength, cushtoning 
and slipping properties. 

Any conventional inorganic fOlers may k>e used, which include, for example, but are rK>t limited to. silicon dioxide. 

20 silicon oxide, calcium cartx)nate. calcium silicate, magnesium cartx)nate. magnesium oxide, talc, kaoline clay, calcined 
day, zinc oxide, zinc sulfate, aluminum hydroxide, aluminum oxide, glass, mica. t)arium sulfate, alumina white, zeolite, 
silica spherules, and glass spherules. It is possible to add halogen groups, epoxy groups, hydroxyl groups, and thiol 
groups to these fillers by addition or by the reaction with various coupling reagents such as a silane coupling reagent, 
a titanate-type coupling reagent, an aluminum-type coupling reagent, a zirconate-type coupling reagent and the like. 

25 Conventional organic fillers may be used as the organto fillers in tiie active energy ray curable composition of ttie 
present invention, which Include, fbr example, but are not limited to. a benzoguanamine resin, a silicone resin, a low- 
density polyetiiylene, a high-density polyethylene, a polyolefin resin, ethylene-acrylate copolymer, polystyrene, cross- 
linking polystyrene, polydivinylbenzene. styrene-divinylbenzene copolymer, acrylk; copolymer, cross-linking acrylic 
resin, polymetiiylmetiiacrylate resin, vinylidene-chloride resin, fluororesin, nylon 12, nylon 11, nylon 6/66, phenolic 

30 resin, epoxy resin, urethane resin, and poiyimide resin. It is possible to add halogen groups, epoxy groi^^s. hydroxyl 
groups, and thiol groups to these organic fillers. 

Examples of coupling reagents which can be used together in the active energy ray curat)le composition of the 
present invention include, for example, txit are not limited to. silane coupling reagents such as r-QlycidoKypropyttrlmeth- 
oxysilane, and y-chloropropyltrimethaxysilane; titanate coupling reagents such as tetra(2, 2-diarylQxymetfiyl-1- 

35 butyl}bis(ditrkiecyl)phosphit6titanate. and bis(dioctylpyrophophate}ettiylenetitanate: aluminum co(j|>ling reagents such 
as acetoalkoxyaluminumcfifospropylate; zirconium coupling agents such as acettiytacetone-zirconium complex and the 
like. 

Regarding additives such as adhesive reagents, antifoaming reagents, leveling reagents, plasticlzers. antioxidants, 
ultraviolet-absorbers, flame retardants. pigments, dyes, and paints, any corresponding conventional additives may be 
40 used together, witiiout any limitation, in the active energy ray curable composition of the present invention, if the addi- 
tives do not harm the characteristics of the resin including the curing property. 

In order to obtain tfie active energy ray curable composition of the present invention, the aforementioned compo- 
nents may be mixed, the mixing order or mixing method are not limited. 

It is substantially not necessary to use a solvent in the active energy ray curable oonrposition of the present inven- 
45 tion. However, for diluting tfie active energy ray curable composition of the present invention, it may possible to use con- 
ventional and generally known solvents including ketones such as mettiyletiiylketone and methylisobutylketone; 
acetates such as ethyl acetate and butyl acetate; aromatic hydrocartxHis such as benzene, toluene, and xylene. 

The active energy ray curable composition of tiie present invention is advantageously applicable for surface finish- 
ing, binders, plastic materials, mokiing materials, laminate plates, adhesives, bonding materials, and ink; coating mate- 
so rials for metals such as aluminum, iron, and copper; coating materials fbr plastics such as vinyl chlorkte. acryls. 
polycart>onate, polyetiiyleneterephthalate, and a acryloniti-ilbutadienestyrene copolymer, polyethylene, and polypropyl- 
ene; coating materials for ceramics such as glass; coating materials for other materials such as wood, paper, printing 
papers, and fibers. 

The active energy ray curable composition of the present invention forms a cured film witiiout a photolnltiator under 
s$ irradiation of light. Since this active energy ray curable composition of the present invention does not generate odor dur- 
ing curing, and the cured film of tills composition does not incur yellowing and odor, and an amount of elution from tiiis 
cured film is quite fow. the present composition can be advantageously applied to a field of inks such as lithographfo ink, 
f lexo-ink. gravure InK and screen ink. and to fields of gloss vamish. paper coating, wood painting, beverage can ooat- 
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ing printing, soft package coating, adhesives for printed papers and laminates, lavel coating, printing ink or adhesives. 
thermosensible paper, printing ink or coating for thermosensible paper, food package coating, printing ink. adhesives, 
and binders, which are directly contacted with a consumer. 

s Examples 

Next, the present invention will be more specif toally explained by manufacturing examples, examples, and compar- 
ative exarrples. However, the present invention is not limited to these examples. 

10 (Manufacturing Example 1) 

65 5 g of 6-aminocaproic add and 400 ml of acetic acid were added in a 1 literthree-neck-f lask equipped with a 
dropping funnel, a reflux condenser, and a stin-er. and then the solution comprising 49.0 g of maleic anhydride and 300 
mlofacetto acid was added dropwise from the dropping funnel at r.t. for 2 hours, stimng during the reaction. After addi- 
tion Of maleic anhydride-solution, the reaction was continued for 1 hour. The precipitate was filtered off. and was recrys- 
tailized from methanol to give 11 1 g of N-(5^rbaxyl pentyO-maleamic acid. ^ . ^ ^, ^ ^ 

Next 45 8 g of N-(5-carboxyl pentyO-maleamIc add. 40.4 g of triethylamine. and 500 ml of toluene were addal in 
a 1 liter three-ned^-f lask equipped with a Dean-Stark apparatus and a stinrer. and was reacted for 1 hour under reflux, 
stirring and removing the evolved water. The residue obtained by removing toluene from the reaction mixture was aad- 
ified to pH 2 with 0.1 N HCI. extracted with 100 ml of ethyl acetate Ibr three times, and dried with magnesium sulfate 
The ethyl acetate was evaporated under reduced pressure and the residue was recrystallized from water, whereby 19 
g - pale yellow crystals of maleimidocaproic add were obtained. 
The properties of maleinrudocaprofc add were as follows; 

25 NMR (nudear magnetto resonance spectrum) (400MHz. dimethyl suHbxkJe (DMSO)-d6): 

12.1ppm(s. 1 H.COOH). 7.0ppm(s.2H,-C=C-). 3.4ppm(t2H.-CH2-), 
2.1ppm(t.2H.-CH2-), 1 .5ppm(m.6H.-CH2CH2CH2-) 
IR nnfrared absorption spectmm): 

3170cm H-COOH). 1710cm-HC=O). 830cm-\ e96cm-^-C=C-) 

30 



IS 



20 





Elemental analysis (CHN): 




Calod. 


0:56.8%. 


H:6.ie%. 


N:6.30% 


35 


Fbund 


0:56.8%. 


H:6.20%. 


N:6.50% 



40 



45 



SO 



(Manufacturing Example 2) 

23 g of malelmidoundecanoic add was obtained in the same manner as Manufacturing Example 1 . except that 102 
g of 11-aminoundecanoic add was used instead of 65.5 g of 6-aminocaproic acid and the residue was purified by 
recrystallization from methanol. 

The properties of malelmidoundecanoic acid were as follows; 

^ H NMR (400MHz, DMQ0-d6): 

12.1ppm{6,1H,COOH). 7.0ppm(s,2H,-C=C-). 3.4ppm(t2H,-OH2-). 
2.1ppma2H.-CH2-). 1 .4--1.6ppm(m,16H.-0H2-) 

IR* 

3170cmU-CCX)H). 1710cm-HC-O), 830cm-^ . 696cm-V-C-C-) 





Elemental analysis (OHN): 


55 


Oalod. 


0:64.1%. 


H:8.19%. 


N:4.98% 




Found 


0:63.9%. 


H:8.22%, 


N:5.02% 
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(Manutacturtng Example 3) 

33.3 g of 36 %-f6rmaldehyde aqueous solution and 19.4 g of maleimide were added in a 100 ml reaction flask 
equipped with a reflux condenser and a magnetic stirrer, and then refluxed at 100 ''C lor 1 hour. After the reaction was 
5 finished, the precipitate formed by concentrating the reaction mixture to approximately 25 ml was filtered. 14.2 g of 
white crystals of N-hydroxymethylmaleimtde were ot>tained by recrystallizing the precipitate from approximately 120 ml 
of 2-propanol. 

The properties of N- hydroxymethylmaieimide were as fdllows; 

10 NMR (400MHz. DMSO-d6): 

6.7ppm(8.2HrHC»CH-)« 6.2ppm(t.1H.-OH). 4.8ppm(d.2HrCH2-) 

IR: 

3390cm-^(OH), 1708cm-\Cs=O). 696cm-\-CH»CH-) 

15 





Elemental analysis (CHN): 




Calod. 


0:47.2%. 


H:3.94%. 


N:11.0% 


20 


Fourxi 


0:47.1%, 


H:3.85%, 


N:10.8% 



(Manufacturing Example 4) 

25 10 g of 2-maleimido-2-methyl acetic acid was obtained in the same manner as Manufecturing Example 1. except 
that 44.5 g of a-alanine was used instead of 65.5 g of 6-aminocaproic add and the residue was purified by recrystalli- 
zation from toluene. 

The properties of 2-maleimido-2-methyl acetic add were as follows: 

30 NMR (300MHz. DMSO<l6): 

7.1ppm(6.2H,-C=C-). 4.8ppm(q.1H..CH-), 1.5ppm(q,3H.-CH3). 

IR: 

3170cm"^(-COOH). 1746cm-\ 1710cm-^{O-O), 831cm-\ 697cm-H-0=C-) 

35 





Elemental analysis (CHN): 




Calcd. 


0:49.7%. 


H:4.14%, 


N:8.28% 


40 


Found 


0:49.5%, 


H:4.38%, 


N:8.02% 



(Manufacturing Example 5) 

45 1 1 g of maleimidoacetic add was obtained in the same manner as Manufacturing Example 1 . except that 37.5 g of 
glydne was used instead of 65.5 g off 6-aminocaproic add and the residue was purified by recrystailization from 70 % 
aqueous methand sdution. 

The properties of maleimidoacetic add were as fdlows; 

so ^H NMR (300MHz. DMSO<l6): 

7.0ppm(s.2H.-OoO-), 4.1ppm{s,2H.-0H2-) 

IR: 

3170cm"^(-0OOH), 1750cm \ 1719cm-^(0=O), 831cm \ 696cm'^(-0=0-} 

55 
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Elemental analysis (CHN): 


5 


Caiod. 


C:46.5%. 


H:3.87%. 


N:9.03% 




Found 


0:46.2%. 


H:4.05%, 


N:8.70% 



10 (Manufacturing Example 6) 

20 g of polytetramethylene glycol having a molecular weight (MW) of 1 ,000 {marketed by Hodogaya Chemical Co., 
Ltd • trade name: PTGL1000 (Mn and Mw estimated by GPC using polystyrene standard are 2.100 and 5.000. respec- 
tively. The abbreviated terms of I^W". "GPC". "Mn", and "Mw" indicate "nominal number-average molecular weight from 

15 a Maker. "Gel Permeation Chromatography-, "number-average molecular weight", and "weight-average molecular 
weighr respectively.)}. 9.8 g of maleimidocaproic acid synthesized in Manufacturing Exanple 1 . 1 .2 g of p-toluenesul- 
Ibnic add 0.06 g off 2. 6-tert-butyl-p-cresol. and 15 ml off toluene were added in a 200 vrA reaction flask equipped with 
a Dean-Stark apparatus, and then reacted at 80 -C for 4 hours under reduced pressure (240 ton-), stimng and removing 
formed water during the reaction. The reaction mixture was dissolved in 200 ml off toluene, followed by three times-wash 

20 with 100 ml of saturated sodium hydrogen carbonate aqueous scriution and by a wash wHh 100 ml of saturated sodium 
chloride aqueous solution. 18 g ■ pale yellow maleimide derivative (A) represented by tonnula (3) 




$0 

was obtained after removed of toluene under reduced pressure. 
The properties off maleimkJe derivative (A) were as folkws: 

IR: ^ . 

35 1733cm-\ 1710cm HC==O). 830cm \ 696cm-\C=C) 

"•H NMR (400MHz, CDCI3): 

6.7ppm(s.4H.-CH=CH-), 4.1ppmtt.4H.-(C=O)-0-CH2-], 3.5ppm(t.4H.N-CH2-). 
3.3~3.5ppm(m.-0-CH2-). 2.3ppm(t. 4H..CO-CH2.). 1.5-1 .7ppm(m..CH2-) 
^^C NMR (100MHz, CDCI3): 
40 173ppm[-(a«0)-0], 171ppm(N-C=0), 134ppm(-CH-GH-). 

e9.1~70.8ppm(-O-CH2-). 37.5ppm(N-CHr). 33.6ppm(-CH2-C=0). 
34.0ppm, 24.3ppm. 23.0ppm(-£H2-). 



45 



60 



SS 



Elemental analysis (CHN): 


Calcd. 
Found 


C:63.6%. 
C:64.5%. 


H:10.9%. 
H:9.70%. 


N:2.0% 

N:2.0% 



Molecular weight distribution by GPC: 
Mn: 1,400 
Mw : 3.400 

(Manufacturing Example 7) 

1 7 g - pale yellow maleimWe derivative (B) represented Ijy formula (4) 
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IS 

was obtained in the same manner as Manufacturing Example 6. except that 20 g of poty(methytpent€Uiecliolazipat8) 
having a MW of 1 .000 (marketed by Kuraray Co., Ltd.; trade name: Kurapole P-1010: Mn: 2,700, Mw: 4.700) was used 
instead of 20 g of polytetramethylene glycol having a MW of 1,000. 
The properties of mateimide derivative (B) were as follows; 

20 

IR: 

1737cm ^ 1709cm-^(C=O), 828cm-\ 696cm-^(C=C) 
NMR (400MHz. CDQa): 

) 6.7ppm(s.4H,-CH=CH-), 4.1~4.4ppm[m,-(C=0)-0-CH2-]. 3.5ppm(t,4H.N-CH2-). 

' ■ ■■25 2. 1 ~2.4ppm[m.O-CH2-, -(C=0)-CH2-, -CJj2-CH(CH3)-], 

1.2-'1.9ppm[m,^H2-. CHa-CHCCHa)-]. 1.0~1.1ppm(m,-CH3) 
'^C NMR (100MHz, CDCI3): 

172~173ppm[-(C=0)-0]. 171ppm[N-(C=0)], 134ppm(-GH=fiH-). 
62.1ppm(-0-eH2-). 4i.4ppm[CH2<;H(CH3)-l. 38.2ppm(N-CH2-). 
30 33,8-35. 1ppm[-2H2-{C=0)]. 24.3-30. 1ppm(-GH2-). 

26.5ppm[CH2-CH(CH3)-CH2j, 19.5-21 .5ppm(-C.H3) 



35 


Elemental cmalysts (CHN): 




Calod. 


C:61.3%« 


H:7.91%, 


N:2.01% 




Found 


0:58.7%. 


H:7.70%. 


N:1.70% 



40 

Molecular weight distribution by GPC: 
Mn:880 
Mw: 1.100 



45 (Manufacturing Example 8} 

17 g - pale yellow maleimide derivative (C) represented by formula (5) 



so 



55 
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p 



(5) 



was obtained in the same manner as Manufacturing Example 6. except that 13.3 g of glycerin modHied by Propylene 
glycol having a MW of 1.000 (marketed by Sanyo Kasei Co.. Ltd.; trade name: Sunnix GP1000: Mn: 2,100, Mw: 2.100) 
was used Instead of 20 g of polytetramethyfene glycol having a MW of 1 ,000. 
The properties of maleimide derivative (C) were as fbllcws; 



1710cm-HC=O). 831cm'\ 696cm-^(C=C) 
■^H NMR (400MH2, CDCI3): 

6.7ppm(s.6H.-CH=CH-) . 5.0ppm[m.3H.-(C=O)-O-CH], 
3.3~3.5ppm(m,N-CH2-, -O-CHg-). 2.3ppm[t.6H.-{C«0)-CH2-l. 
1 .3-'^ .7ppm(m.-CH2-). 1 .1 -1 .2ppnf<m,-CH3) 
NMR (100MHz. CDCI3): 

173ppm[-(G=0)-0]. 171ppm(N-C=0). 134ppm(-CH=CH-). 72.8--77.5ppm{-(>CH). 
69.5-71 .8ppm(-0-CH2-)* 37.6ppm(N-CH2-). 34^m[-QH2-(C=0)l, 
28.2ppm. 26.2ppm24.4ppm(-CH2-), 16.8~17.2ppm(-GH3) 



30 



Elemental analysis (CHN): 



Calcd. C:60.8%, H:8.e%. 
Found C:62.2%, H:9.8%, 



N:2.6% 



35 



N:2.0% 



40 



Molecular weight distribution by GPC: 
Mn: 2.300 
Mw: 2,400 



45 



(Manufacturing Example 9) 

48 g - pale yellow maleimide derivative (D) represented by formula (6) 



so 




(6) 



5S 




MW Of 4,000 imarKBiea oy noaogaya wriieiiu«w ww., u««« 
instead of 20 g of polytetramethylene glycol having a MW off 1 .000. 
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The properties of maleimide derivative (D) were as follows: 
IR: 

1735cm-\ 1712cm-^(C=0), 830cm \ 696cm*^(C»C) 
NMR (400MHz. CDCI3): 

6.7ppm(s.4H.-CH=CH-). 4.1ppm[t,4K-(C=0)-0-CH2-l. 3.5ppm(t4H.N-CH2-). 
3.3~3.5ppm(m,-0-CH2-), 2.3ppm[t4H,-(C=0)-CH2-]. 1.5~1.7ppm(m,-CH2-) 
^^C NMR (lOOMHz, CDCI3): 

173ppm[-(C=0)-0]. 171ppm[N-{C=0)]. 
134ppm(-CH»CH-), 69.1'-70.8ppm(-O-CH2-). 

37.5ppm(N-GH2-). 33.6ppm[-GH2-(C=0)], 34.0ppm. 24.3ppm, 23.0ppm(-CH2-) 



Elemental analysis (CHN): 


Calcd. 
Found 


C:65.7%, 
C:64.4%, 


H:11.0%. 
H:10.3%, 


N:O.G% 
N:0.8% 



Molecular weight distribution by GPC: 
Mn: 13.000 
Mw: 16.000 

(Manufacturing Example 10) 

22 g • pale yellow maleimide derivative (E) represented by formula (7) 




was obtained in the same manner as Manufeicturing Example 6. except that 12.5 g of maleimidoundecanoic acid 
obtained in Manufcuituring Example 2 was used Instead of 9.8 g of maleimidocapioic acid. 
The properties of maleimide derivative (E) were as follows; 

IR: 

1733cm V 1710cm-^(C«O). 830cm-\ 696cm*^(C-C) 
NMR (400MHz. CDCI3): 

6.7ppm(s.4H.-CH=CH.). 4.1ppm[t4H.-(C»0)-0-CH2-], 3.5ppm(t4H.N-CH2-). 
3.3~3.5ppm(m.-0-CH2-). ^3ppm[t4H.-(CoO)-CH2-], 1.5-1.7ppm(m.-CH2-) 
^^C NMR (100MHz, CDCI3): 

173ppm[KC=O)-01. 171ppmIN-(£rO)]. 
134ppm(-CH-CH-), 69.1~70.8ppm(-O-£lH2-). 

37.5ppm(N.CH2-). 33.6ppm[-CH2-(C=0)]. 34.0ppm. 24.3ppm. 23.0ppm(-CH2-) 



Elemental analysis (CHN): 


Calcd. 
Found 


C:6a5%. 
C:67.7%. 


H:10.0%, 
H:9.03%. 


N:1.84% 
N2.01% 
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Molecular weight distribution by GPC: 
Mn: 1,600 
Mw: 3.500 

5 (Manufecturing Example 11) 

30 g - pale yellow malelmide derivative (F) represerned by formula (8) 



10 



paiiCHiOoo'' 

|],N,,.^^^^^v^OC»CH2CHiOCH,-^a%CH3 



IS 



20 




(8) 



26 



30 



3S 



40 



was obtained in the same manner as Manufacturing Example 6, except that 1 1.2 g of trimethylolpropane modified tjy 
three equivalent of ethylene oxide, 35 g of maleimidocaproic acid obtained in Manufacturing Example 1 . 1 .6 g of p-tol- 
uenesuHbnic acid. 0.08 g of 2. 6-tert-butyt p-cresol. and 15 ml of toluene were added in a 200 M reaction ffask equipped 
with a Dean-Stark apparatus. 

The properties of mateimide derivative (F) were as follows; 

IR: 

1736cm-\ 1705cm ^C=0), 830cm \ 696cm \CoC) 
NMR (400MHz, CDCI3): 

6.7ppm(s,6H,-CH«CH-). 4.0ppm(t6H.-C=O-O-CH2-). 
3.3~3.5ppm(m,N-CHr. O-CHg-), 2.3ppm[t6H,-(C=0)-CH2-]. 
1.6^1.7ppm(m.12H.-CH2-). 1.5ppm(a2H,C-CH2-), 1.3ppnr<m,6H,-CH2-), 
0,89ppm(t3H,-CH3) 
NMR (IOOMH2, CDCI3): 

173ppmI-CC=0)-0]. 171ppm[N-Ce=0)]. 134ppm{-GH=£H-). TO.Sppm. 69.0ppm. 
63.6ppm(-0-CH2-). 40.6ppmCC), 37.5ppm(l^-CH2-)* 33.9ppmI-£H2-{C=0)]. 
28.2ppm, 26.2ppm. 24.3ppm, 23.0ppm(-GH2-). 7.3ppm(-GH3) 



4S 





Elemental analysis (CHISI): 




CakxJ. 


C:59.e%. 


H:6.g8%. 


N:4.97% 


SO 


Found 


0:59.3%. 


H:6.75%, 


N:5.23% 



ss 



Molecular weight distribution by GPC: 
Mn: 970 
Mw: 1.200 
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(Manufacturing Example 12) 

23.8 g of bisphenot A modified by epichrothydrin (marketed by Darnippon Ink and Chemicals Inc.; trade name: Epi- 
chron 840S; Mn: 465, Mw: 510). 0.10 g of 2, 6-tert-butyt p-cresol. and 0.02 g of 2-methylimidazole were added in a 100 
ml three-neck-flask equipped with a reflux corxlenser and a stinger, and then 29.5 g of maleimidocaproic acid synthe- 
sized in Manufacturing Example 1 was added dropwise for 3 hours while stining at 90 under nitrogen. After 4 hours, 
the reaction was terminated when the acid value of the reactant was approximately 0. Thereby. 50 g - pale yellow male- 
imide derivative (Q) represented by fbrnfnjla (9) 

o o 

(9) 

was obtained. 

The properties of maleimide derivative (Q) were as follows; 
IR: 

3460cm"'(OH). 1705cm'\C=O). 830cm-\ 696cm-^(C=C) 
NMR(400MHz,CDCl3): 

7.1ppm(d,4H,OPh). 6.8ppm(d,4H.Ph-). 6.7ppm(s.4H,-CH»CH-). 
4.0~4.3ppm(m,8H.O-CH. OH. O-CHg-), 3.5ppm(t,4H,N-CH2-), 
2.3ppmp,4H.-(C=0)-CH2-l, 1.6-1,7ppm(m,12HrCH2-), 1 .3ppm(m,6H,-CH3) 
^^C NMR(100MH2,CDCl3): 

173ppm[-(C=0)-0]. 171ppm[N-(C=0)]. 134ppm(-CH=GH-)J56ppm.143ppm, 
128ppm. 114ppm(Ph), 72.8ppm(C-OH). 68.7ppm, 68.4ppm, 65.3ppm(-0-CH2-), 

37.5ppm{N-CH2-), 33.5ppm[-GH2-(C=0)]. 33.8ppm, 2aippm. 26.1ppm, 24.3ppm (-CHa-), 31 .OppmC-fiHg) 



Elemental analysis (CHN): 


Catcd. 
Found 


C:63.8%. 
C:62.1%. 


H«.27%, 
H:6.01%. 


N:3.81% 
N:3.52% 



Molecular weight distribution by QPC: 
Mn: 1.400 
Mw: 1.500 

(Manufacturing Example 13) 

6 g - pale yellow maletmkJe derivative (H) represented by formula (10) 




was obtained in the same manner as Manufacturing Example 6. except that 5 g of potytetramethylene glycol having a 
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MW of 250 (marketed by BASF Japan; trade name: PolyTHF250: Mn: 440. Mw: 470) was used instead of 20 g of poly- 
tetramethylene glycol having a MW of 1 ,000. 

The properties of maleimlde derivative (H) were as fbllows; 

5 IR: 

1733cm"\ 1706cm \C=O). 830cm*\ 696cm-1(C*C) 
iHNMR(300MHz,CDCl3): 

6.7ppm(s,4H.-CH=CH-). 4.1ppm[t.4H.-(C=0)-0-CH2-], 3.5ppm(t.4H,N-CH2-), 
3.4~3.5ppm(m.-0-CH2-),2.3ppm[t4H.-(C=0)-CH2-l. 
10 1 .3ppm, 1 ,6-1 .7ppm(nn,-CH2-) 

NMR(75MHz.CDCl3): 

173ppm[-(£«0)-0]. 171ppm[N-(<I=0)]. 134ppm(-GH=GH-). 

64.1ppm. 70.1~70.7ppm(-O-£H2-). 37.6ppm(N-£H2-). 34.0ppm[-CH2-(C=O)], 

24.4-'28.2ppm(-CH2-) 

IS 





Elemental analysis (CHN): 


20 


Calcd. 


0:57.9%. 


H:7.83%, 


N:4.61% 


Found 


C:59.3%, 


H:7.50%. 


N:3.90% 



Molecular weight distribution by GPC: 
25 Mn: IpOOO 

Mw: 1,100 

(Manufacturing Example 14) 

30 6 g - pale yellow maleimide derivative (I) represented by formula (1 1) 



35 




40 was obtained in the same manner as Manufacturing Example 6, except that 3.0 g of triethylene glycol (marketed by 
Kanto Chemical Co., Lfcl.; Mn: 158. Mw: 161) was used instead of 20 g of polytetramelhylene glycol having a MW of 
1.000. 

The properties of maleimide derivative (I) were as follows; 
45 IR: 

1735cm-\ 1712cm HC=0). 829cm-\ 696cm-i(C=C) 
NMR(300MHz.CDCt3): 

6.7ppm(s,4H.-CH=CH-). 4.2ppmIt.4H,-(C=0)-0-CH2-]. 3.6ppm(m.8H,-0-CH2-), 
3.5ppm(t.4H,N-CH2-). 2.3ppm[t.4H.-(O=0)-CH2-l, 1.3ppm. 1.6~1.7ppm(m.-CH2-) 
so 1^C NMR(75MHz.CDCl3): 

173ppm[-(C=0)-0]. 171ppm[N«(£«0)], 134ppm(-CH=CH-)* 

63.4ppm. 69.1~70.8ppm(-O-CH2-). 37.5ppm(N.CH2-), 33.8ppmt-CH2-(C=0)], 

24.2ppm, 26.1ppm. 28.1ppm(-Jlht-) 

55 



26 



Printed from Mimosa 05/08/04 08:26:20 Page: 26 



EP0 878 482 A1 



Elemental analysis (CHN): 


Cafcd. 
Found 


C:58.2%. 
C:58.0%. 


H:6.72%. 
H:6.58%. 


N:5.22% 
N:5.28% 



10 Molecular weight distribution by GPC: 
Mn:485 
Mw:488 

(l\^anu1acturing Example 15) 

IS 

12 g • pale yellow maleimide derivative (J) represented by formula (12) 



O 



o o 

|]^h^-(CH2)50CX>-ai2CH20--^^ 



25 



was obtained in the same manner as Manufacturing Example 6. except that 6.5 g of hydrogenated bispheno! A modified 
by 2 mole of ethylene oxide (marketed by New Japan Chemical Co.. Ltd.; trade name: Rikaresin HEO20; Mn: 570, Mw: 
660) was used instead of 20 g of polytetramethylene glycol having a MW off 1 .000. 
30 The properties of maleimide derivative (J) were as follows; 



IR: 

1732cm \ 1707cm-^(C=O). 829cm-\ 696cm-HCBC) 
^ H NMR{300MHz.CDCl3): . 
35 6.7ppm(s,4H.-CH=CH-), 4.2ppm[m.4H.-(C»0)-0-CH2-]. 

3.6~3.8ppm(m.-0-CH2-.-0-CH-)» 3.5ppm{t,4H.N-CH2-), 
a3ppm[l.4H.-(C=0)-CH2-1. 1,1~2.0ppm(m.-CH2-.-CH-), 0.7ppm(m.6H.-CH3) 
^^C NMR{75MHz,CDCl3): 

173ppmt-(C=0)-0], 171ppm[N-(C=0)]. 134ppm(-£H=CH-), 
40 63.3-73.7ppm(-OGH2-.-0-GH-). 37.6ppm(N-CH2-). 

24.0-43.0ppm[-CH2-.-CH-,-CH2-(C=O)].20.3-20.5ppm{-GH3) 





Elemental analysis (CHN): 




Calcd. 


C:65.5%, 


H:8.12%. 


N:3.92% 




Found 


C:64.0%, 


H:8.40%. 


N:2.70% 



so 

Molecular weight distribution by GPC: 
Mn: 1.100 
Mw: 1,200 



ss (Manufeicturing Example 16) 

9.5 g - pale yellow maleimide derivative (K) represented by fomujla (13) 
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5 



10 



IS 




was obtained in the same manner as Manufacturing Example 6. except that 3.1 g of pentaerythritol modified l>y 4 mole 
of ethylene oxide (marketed by Nippon Emulsifying Agent Co.. Ltd.; trade name: PNT-40; Mn: 490. Mw: 530) was used 
instead of 20 g of polytetramethylene glycol having a MW of 1 ,000. 
The properties of maleimide derivative (IQ were as follows; 



1732cm \ 1706cm*HC=O). 830cm-\ 696cm*^(C»C) 
NMR(300MHz.CDCl3): 

6.7ppm{s.8H,-CH=CH-).4.1ppm[m.8H.-(C=0)-0-CH2-], 
3.4-3.8ppm(m,N-CH2-,-O-CH2-).2.3ppm[m,8H.-{C=0)-CH2-l. 
30 1.3-1 .7ppm(m.-CH2-) 

^^C NMR(75MH2.CDCl3): 

173ppm[-(a=0)-0], 171ppm[N-(£=0)], 134ppm(-SH=CH-). 
63.3~70.9ppm{-O-CH2-). 37.5ppm(N-£H2-). 33.8ppmI-£H2-(C=0)l. 
24.2-28.1ppm(-CH2-) 

35 





Elemental analysis (CHN): 


40 


Calcd. 


C:58.7%. 


H:6.64%, 


N:5.17% 


Found 


0:57.4%, 


H:6.60%, 


N:4.G0% 



Molecular weight distribution by GPC: 
45 Mn: 1.400 

Mw: 1,500 

(Manufacturing Example 17) 

so 19 g - pale yellow maleimide derivative (L) represented by fomnula (14) 
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(14) 



was obtained in the same manner as Manufacturing Example 6. except that 7.0 g off 2-nfialeimido-2-methyt acetic acid 
and 13 g of polytetramethylene glycol having a MW of 650 (marketed by Hodogaya Chemical Ca. Ltd.; trade name: 
PTG650SN; Mn: 1 .200. Mw: 1 .600) was used instead off 9.8 g of maleimidocaproic add and 20 g off pofytetramethylene 
glycol having a MW of 1 .000 respectively. 

The properties of maleimide derivative (L) were as fbllows: 

IR: 

1745cm-\ 1718cm-HC=0). 831cm-\ 697cm-^(C«C) 
NMR(300MHz.CDCl3}: 

6.7ppm(s.4H.-CH=.CH-). 4.8ppm(q.2H.N-CH2-). 4.2ppm[t4H.-{C=0)-0-CH2-I. 
3.4^3.5ppm(m,-0-CH2-). 2.3ppm[t4H,-(C=0)-CH2-]. 1.6-1.7ppm(m,-CH2.-CH3) 
^^C NMR(75MHz.CDa3): 

171ppm[N-CC=0)], 169ppm[-(C=0)-0]. 134ppm(-CHs:CH-), 

65.7ppm. 70.0-70.8ppm(-O-CH2-). 47.5ppm{N-£H2-). 25.3-26.9ppm(.CH2-) 15.1ppm(-CH3) 



Molecular weight distribution by GPC: 
Mn: 2,100 
Mw: 2,500 

(Manufecturing Example 18) 

18 g - pale yellow maleimide derivative (M) represented by formula (1Q 



was obtained in the same manner as Manufacturing Example 6, except that 6.8 g of maleimidoacetic actd synthesized 
In Manufacturing Example 5 and 1 3 g of polytetramethylene glycol having a M W of 650 (marketed by Hodogaya Chem- 
ical Co.. Ud.; trade name: PTQ650SN: Mn: 1 ,200. Mw: 1.600) was used instead of 9.8 g of maleimidocaproic add and 
20 g off polytetramethylene glycol having a MW of 1.000, respectively. 
The properties of maleimide derivative (M) were as fblkaws; 



Elemental analysis (CHN): 



Catcd. 0:62.0%. H:8.45%. N2.94% 
Found 0:59.9%, H:9.00%. N:1.90% 




(15) 



IR: 
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1750cm-\ 1719cm-^(C=0)» 831cm-\ 698cm*\C»C) 

lHNMR(300MHz.CDCl3): 

6.8ppm(s.4H.-CH=CH-).4.3ppm[MH.N-CH2-(C=0)-]. 

4.2ppm[t.4H,-(C=0)-0-CH2-]. 3.4ppm(ni,-0-CH2-). 1.6^1.7ppm(m.-CH2-) 
^^C NMR{75MH2.CDCl3): 

170ppm[N-(C=O)l, 167ppni[-(G=0)-0]. 134ppm(-CH=:CH-), 

65.7ppm, 70.0~70.7ppm(-O-CH2-). 38.6ppm(N-GH2-). 25.4-26.5ppm(-GH2-) 



Elemental analysis (CHN): 


Calcd. 

Found 


C:61.3%, 

C:58.3%. 


H:8.27%. 

H:7.50%. 


N:3.03% 
N:1.80% 



Molecular weight distribution by GPC: 
Mn: 2,100 
Mw: 2,500 

(Manufecturing Example 19) 

15 g - pale yellow maleimide derivative (N) represented by formula (16) 




was obtained in the same manner as Manufecturing Example 6. except that 12 g of polyethylene glycol having a MW 
of 600 (marketed by Kanlo Chemical Ca, Ltd.; Mn: 655, Mw: 686) was used instead of 20 g of polytetramethylene glycol 
having a MW of 1 .000. 

The properties of maleimide derivative (N) were as fbllows; 



1735cm ^ 1712cmHC=0), 829cm \ 696cm-HC=C) 
^ H*NMR(400MHz.CDa3): 

6.7ppm(s.4H.-CH=CH-). 4.2ppm[t.4H.-(C=0)-0-CH2-J. 3.6ppm(m.-0-CH2-). 

3.5ppm(t,4H.N-CH2-). 2.3ppm[t.4H.-(C=:0)-CH2-]. 1 .6ppm(m.8H.-CH2-) 1 .4ppm(m.4H,-CH2-) 
I3c-NMR(1 OOMH2.CDCI3): 

173ppm[-{Q=0)-0]. 171ppm[N-(Q=0)], 134ppm(-GH=CH-). 

63.4ppm, 69.1 ppm. 70.5ppm(-O-GH2-)* 

37.6ppm(N-CH2-). 33.9ppmI-GH2-(C=0)]. 24.3ppm, 26.2ppm. 28.2ppm(-GH2-) 



Elemental analysis (CHN): 


Calod. 
Found 


C:55.e%. 
C:54.9%. 


H:7.67%. 
H:7.88%. 


N:2.8% 
N:2.6% 



Molecular weight distribution by GPC: 
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Mn: 1.060 
Mw: 1,080 

(Manufacturing Example 20) 

23.8 g of hydrogenated bisphenol A modified by epichrolhydrin (marketed by New Japan Chemical Ca, Ud.: trade 
name: HBE-100; Mn: 360. Mw: 390). 0.10 g of 2.&-tert-butyl p-cresol, and 0.02 g of 2-methylimidazole were added in a 
100 ml three-neck-flask equipped with a reflux condenser and a stirrer, and 29.5 g of maleimidocaproic acid was added 
dropwise for 3 hours while stirring at 90'*C under nitrogen. Alter 4 hours, the reaction was terminated when the acid 
value of the reactant was approximately 0. Thereby. 50 g - pale yellow maleimide derivative (O) represented by formula 
(17) 



(17) 



was obtained. 

The properties of maleimide derivative (O) were as follows; 
IR: 

3460cm-^(OH). 1705cm-^C=O). 834cm ^ 696cm~^(CsC) 
^ H-NMR(300MHz.CDCl3): 

6.7ppm(s.4H..CH=CH-). 5.3ppm[s.2H.-(C=0)aCH-], 4.2ppm(m.2H,0-CH-) 4.0ppm(s.2H.-OH). 
3.5-3.8ppm{m.O-CH2-, N-CHg-), 2.3ppm[t,4H,-(C=0)-CH2-]. 

1 .6-1 .7ppm(m.-CH2-,-CH-),1 .2-1 .3ppm(m.-CH2-), 0.7ppm(s.6H,-CH3) 
^3C-NMR(100MHz,CDa3): 

173ppm[-(C=0)-01. 171ppm[N-(C«0)1. 134ppm(-CH-CH-). 

79.2ppmKC«0)0-CHl. 65.6ppm. 68.8ppm. 69.0ppm(-O-CH2-.-O-CH-), 

37.6ppm(N.CH2-). 33.9ppmI-CH2-(C=0)], 32.6-24.4ppm(-QH2-.CH-), 

20.6ppm(-CH3) 



Elemental analysis (CHN): 


Calcd. 
Found 


C:63.8%. 
C:65.3%. 


H:6.27%. 
H:6.58%« 


N.'3.81% 
N:3.34% 



Molecular weight dtstribution by QPC: 
Mn: 780 
Mw:850 

(Manufacturing Example 21) 

51 .6 g of 4-hydrQxybutyl vinyl ether. 0.03 g of dibutyltin dilaurate. 0.12 g of 2. 6-tert-butyl pK^resol, and 0.018 g of 
p-methoxyphenol were added in a 300 ml fbur-neck-f lask equipped with a dropping funnel, a reflux condenser, and a 
stinger. And the 4a4 g of Isophoronedisocyanate was added dropwise from the dropping funnel at 50 ""C for 2 hours, 
stirring during the reaction, followed by the raise of reaction temperature to 80 ''C. After 4 hours, the reaction was ter- 
minated when the absorption at 2.250 cm'^ of IR derived from isocyanate unit had disappeared. Thereby, 100 g of dear 
sticky solution of vinyl ether (a) represented by formula (18) 
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10 




NHCOC 



(18) 



was obtained. 



IS 



20 



(Manufecturing Example 22) 

58.5 g of 4.hydraxybutyl vinyl ether, 0.03 g of dttxjtyltin dilaurate. 0.12 g of 2.6-tert-lxjtyl p-cresol. and 0.018 g of p- 
methoxyphenol were added In a 300 ml four-neck-flask equipped with a dropping funnel, a reflux condenser, and a stir- 
rer. And the 41.5 g of hexamethylene dilsocyanate trimer (marketed by Sumitomo Baieru Urethane Ca. Ltd.; trade 
name: Sumidur N-3500: Mn: 2.700; Mw: 4.700) was added dropwise from the dropping funnel at 60 for 2 hours, stir- 
ring during the reaction, followed by the raise of reaction temperature to 80 *»C. After 6 hours, the reaction was tenmi- 
nated when the absorption at 2.250 cm'^ of IR derived from isocyanate unit had disappeared. Thereby. 100 g of dear 
sticky solution of vinyl ether (b) represented by formula (1 9) 



25 



30 




NHCOC 



(19) 



^ was obtained. 

(Manufacturing Example 23) 

34.8 g of telramethylene glycol having a of 1.000 (marketed by Hodogaya Chemical Co.. Ltd.; trade name: 
40 PTGL1000; Mn: 2.100, Mw: 5,000). 0.03 g of dibutyltin dilaurate, 0.4 g of 2,6-tert-butyl p-cresol, 0.1 g of p-melhoxyphe- 
nol, and 50 g of ethyl acetate were added in a 300 ml four-neck-flask equipped with a dropping funnel, a reflux con- 
denser, and a stirrer. And the 1 5.2 g of isophoronediisocyanate was added dropwise from the dropping funnel at 50 •C 
for 3 hours, stirring during the reaction, followed by the raise of reaction temperature to 60 *»C. After 2 hours, when the 
NCO value reached the theoretical value (5.82 %) the reaction temperature was raised to 75 »C. and then 5.46 g of 4- 
45 hydroxybutyl vinyl ether was added dropwise for 3 hours, stirring during the reaction. After 21 hours, the reaction was 
terminated when the absorptton at 2.250 cm" ^ IR derived from isocyanate unit had disappeared. Thereby, 55.5 g of 
dear sticky solution of vinyl ether (c) represented by fbnnula (20) 



50 



55 
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5 




CHjNHCX)0 — I 



10 



— [cHjCHjCHjCHjO]— C< 



:ONHCHj 




IS 



(20) 



was obtained. 



20 (Examples 1 to 13) 

UV curing properties of maleimide derivatives (A) to (hA), and gel-fraction and pendl hardness of the cured male- 
imide derivatives (A) to (M) are evaluated as follows. The results are summarized in Table 1. 

25 (1) UV curing properties 

The curable compounds were coated on glass plates to fonn films with the tHckness of 50 nm. UV irradiation was 
conducted by a conveyor-type medlumixessure-mercury-lamp (120 W/cm; mariceted by Eye Graphics Co.. Ltd.) in air. 
in the conditions that the lamp height was 15 cm and the conveyor speed was 20 m/ min. UV exposure dose for 1 pass 
30 measured by Industrial UV checker (marketed by Topcon Co.. Ud.; trade name: UVR-T37) was 92 mJ/cm^. The number 
of inradiation times for curing the film to be tack-free was evaluated. 

(2) Gel-fraction 

35 The cured film of the curing compound was prepared by exposing the UV irradiation apparatus applying the above 
curing conditions tfiree times. The cured film (weight Wi) peeled off from a glass plate was refluxed in methyl ettiyl 
ketone at 80 •C. for 3 hours, and ttien dried at 100"C, for 1 hour. The weight of the residue film (weight iWg) thereof was 
measured. Gel-fraction was calcuteited according to the following equation. 



(3) Surface hardness of coating 

The cured film of the curing compound was prepared by exposing the UV Irradiation apparatus applying the above 
curing conditions three times. The pencil hardness of ttie cured fHm was measured in accordance wrth JIS K-5400 as 
surfece hardness of the coating. 

(Comparative Example 1) 

N-tert-butylmaleimide (disclosed in Synthetic Communications, vol. 20, pp. 1607 - 1610, 1990) was evaluated in 
the same manner as tfie Examples described above. However, the compound maintained the llqud state even after the 
10 times of UV inradiation. 

(Cotrparative Exanrple 2) 



N, NM, 9-diQxa-1, 12-btsmaleimkiododecane (disclosed in Polymer Preprints, vol. 37, pp. 348 - 349. 1996) was 
evaluated in the same manner as the Examples. T^e compound was solid at room temperature, and was not coated 
flatiy on a glass plate. Therefore, tiie compound was dissolved in chtoroform, and was coated on a glass plata Alter 



Gel-fraction(%)=100x (Wi-W2)/Wi 
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that, the yellow-white solid film was olrtainedby drying the film. The obtained solid 

nS as the Examples. However, the film was not cured with the 0 % of gel-fraction even after the 10 times of UV irradi- 
ation. 

5 (Comparative Example 3) 

N-ethylmaleimide (marketed by Kanto Chemical Co.. Ltd.: disdoeed in Polymer Letters, vol. 6. pp^ 883 -888. 1 968) 
was e^Sualed in the same manner as the Examples. The compound was solid at room ^^^-^J^^^^ 
SSy on a glass plate. Tlierelore, the compound was dissolved in methanol. arK! coated on a glass plate. Mer 
10 tteS^e «Jid film was ^ned by drying the film. The obtained solW film was evaluated .n the same n^ner as the 
Samples. However, the fOm was not cured with the 0 % of gel-fraction even after the 10 times of UV irradiation. 

(Conparative Exannple 4) 
15 8.S g - pate yellow malelmide derivative (P) represented by formula (21) 




30 



35 



was obtained in the same manner as Manufaduring Example 6. except that 2.24 g of 1 .S-hexandiol was used Instead 

of 20 a of polytetramethylene glycol having a M W of 1 ,000. , , -p,^ ^ .^h 

T^e expound wWsotlda^^^ 
wasil^Xch.oioform.andwascoa^^ 

ing the film The obtained solid film was evaluated in the same manner as the Examples. However, the compound was 
not cured with the 0 % of gel-fraction even after the 10 times of UV Irradiation. 

(Comparative Example 5) 

8.0 g - pale yellow maleirrade derivative (Q) represented by fomiula (22) 



40 



45 



SO 



4 



,cxx>-^CH2ai2< 




(22) 



was obtalnedlnthe same manner as Manufacturing Example 6. except that 2.1 g of diethylene glycol was used instead 

""rcCrsruSnrsrrnrth^ 

a part of inside of the f ym kept the liquid slate even after the 6 times of UV irradiation. The gel4raclK)n was 36 % after 
the 3 times of UV irradiation. 



Table 1 





MaleMde derivative 


UV curing property 
(times) 


Qel-f raction (%) 


Pencil haidness 


Example 1 


(A) 


1 


99.8 


4B 
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Table 1 (continued) 





Maleimtde derivative 


UV curing property 
(times) 


Gel-fraction (%) 


Pencil hardness 


Example 2 


(B) 


4 


68.5 


4B> 


Example 3 


(C) 


1 


97.5 


2B 


Example 4 


(D) 


1 


99.6 


4B> 


Example 5 


(E) 


1 


99.4 


48 


Example 6 


(F) 


2 


70.2 


48 


Example 7 


(G) 


5 


54.2 


4B> 


Example 8 


(H) 


1 


96.8 


48 


ExairipleS 


(D 


2 


90.2 


48 


ExamplelO 


(J) 


2 


72.0 


48 


Example 1 1 


(K) 


1 


93.2 


28 


Example 12 


(L) 


1 


97.9 


48 


Example 13 


(M) 


1 


98.2 


48 


Comparative Example 1 


NBMI 


No cured 


0 




Comparative Example 2 


BMID 


No cured 


0 




Comparative Example 3 


EMI 


No cured 


0 




Comparative Example 4 


(P) 


No cured 


0 




Comparative Example 5 


(Q) 


7 


36.4 





In Table 1 , indicates that the evolution of penal hardness of the film was inYx>S8ible because of no cured film or 

partially cured film. 

Explanation of the compounds In Table 1 : 



{A)to(M): 

(P)and(Q): 

NBMI: 

BMID: 

EMI: 

(Example 14) 



The maleimide derivatives represented by formula (1) synthesized in Manufacturing Examples 6 to 18. 
Malelmide derivatives synthesized in Comparative Examples 4 and 5. 
N-butylmaleimlde (marketed by Ardrich Chemical Co., Inc.) 
N, N'-4, 9-dioxa-l» l2-bi8maletmidododecane 
N-ethylmaleimide (nwketed by Kanto Chemical Co.. Ltd.) 



The maleimide derivative (B) represented by fbrnujia (4) synthesized in Manufecturing Example 7 was admixed 
with the maleimide derivative (F) represented by formula (8) synthesized in Manufocturing Example 1 1 1n a 3:7-weight 
ratio to form the active energy ray curable composition (A-1). 

UV curing property of the composition (A-1), and gel-fraction and pencil hardness of tiie cured composition (A-1) 
were evaluated in the same manner as Exanple 1 . The results are summarized in Table 2. 

(Example 15) 

The maleimide derivative (Q) represented by fomruila (9) synthesized in Manufacturing Example 12 was admixed 
witti tiie maleimide derivative (L) represented by fomnula (14) synttiesized in Manufacturing Example 17 in a l:1-weight 
ratio to form the active energy ray curable composition (A-2). 

UV curing property of the composition (A-2), and gel-fraction and pencfl hardness of the cured composition (A-2) 
were evaluated in the same manner as Example 1 . The results are summarized in Table 2. 
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(Example 16) 

The maleimide derivative (K) represented by formula (13) synthesized in Manufacturing Example 16 was admixed 
with the maleimide derivative (M) represented by formute (1 5) synthesized in Manufacturing Example 1 8 in a 7:3-weight 
ratio to form the active energy ray curable composition (A-3). / * ox 

UV curing property of the composition (A-3). and gel-fraction and pencil hardness of the cured compositon (A-3) 
were evaluated in the same manner as Example 1. The results are summarized in Table 2. 

(Example 17) 

The maleimide derivative (C) represented by formula (5) synthesized in Manufacturing Example 8 was admixed 
with N, N'-l . 12-dodecamethylenebismaleimide (disclosed in Polymer Preprints, vol. 37. pp. 348 • 349, 1996) in a 2:1- 
weight ratio to form the active energy ray curable composition (A-4). /* 

UV curing property of the composition (A-4), and gel-fraction and pencil hardness of the cured composition (A-4) 
were evaluated in the same manner as Example 1. The results are summarized in Table 2. 

(Example 18) 

The maleimide derivative (H) represented by formula (10) synthesized In Manufacturing Example 13 was admixed 
with maleimide derivative (J) represented by formula (12) synthesized in Manufacturing Example 15 and N-laurylmale- 
imide (marketed by Daihachi Chemical Ca. Ltd.; trade name: LMI) in a 4:4:2-weight ratto to form the active energy ray 

curable composition (A-5). « /* c\ 

UV curing property of the composition (A-5), and gel-fraction and pencil hardness of the cured composition (A-5) 
were evaluated in the same manner as Example 1 . The results are summarized in Table 2. 

(Example 19) 

The maleimide derivative (M) represented by fomnufa (15) synthesized In Manufacturing Example 18 was adrnxed 
with N-butylmaleimide (marketed by Ardrich Chemical Co.. Inc.: disclosed in JP-A-61 -250064 and JP.A-62.64813) in a 
2:1 -weight ratio to form the active energy ray curable composition (A-6). , * o% 

UV curing property of the compositfon (A-6). and gel-fractton and pencil hardness of the cured composition (A-6) 
were evaluated in the same manner as Example 1 . The results are summarized in Table 2, 

(Example 20) 

The maleimide derivative (H) represented by formufa (10) synthesized in Manufacturing Example 13 was admixed 
with N-(isobutaxymethyl)acrylamide (marketed by Kasano Itousan Co.. Ltd.: trade name: Wasmer IBM) in a 2:l-weight 
ratio to Ibrm the active energy ray curable composition (A-7). ^*u^^.,^ ^«„w«d«nn rA 7^ 

UV curing property of the compositfon (A-7). and gel-fraction and pencil hardness of the cured compositon (A-7) 
were evaluated in the same manner as Example 1. The results are summarized in Table 2. 

(Example 21) 

The maleimide derivative (I) represented by formufa (1 1) synthesized in Manufacturing Example 14 was admixed 
with N-(isobutQxymethyl)acrylamide (marketed by Kasano Kbusan Ca. Uri.; trade name: Wasmer IBM) in a2:1^weight 
ratio to form the active energy ray curable composition (A-8). .,,.«^ui«« iam 

UV curing property of the composition (A-8), and gel-fraction and pencil hardness of the cured composition (A-8) 
were evaluated in the same manner as Example 1 . The results are summarized in Table 2. 

(Example 22) 

The maleimide derivative (K) represented by formula (13) synthesized in Manufacturing Bample 16 was admix^ 
with the maleimide derivative (B) represented by formula (4) "If^ 

mateate (marketed by Kurogane Chernteal Ca. Ltd.; trade name: DOM) in a 2:2:Hweight ratio to Ibrm the active energy 
ray cural)le composition (A-9). ^ . u: /a m 

UV curing property of the composition (A-g), and gel-fraction and pencil hardness of the cured composition (A-9) 
were evaluated In the same manner as Example 1. The results are summarized in Table 2. 
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(Example 23) 

The mateimide derivative (H) represented by forinula (10) synthesized in Manufacturing Exanrple 13 was admixed 
with the maleimide derivative (B) represented by formula (4) synthesized in Manufacturing Example 7 and dioctylfuma- 
rate (marketed by Kurogane Chemical Co.. Ltd. ; trade name: DOF) in a 2:2:1 -weight ratio to form the active energy ray 
curable composition (A- 10). 

UV curing properties of the composition (A-10). and gel-fraction and pencil hardness of the cured composition (A- 
10) were evaluated in the same manner as Example 1 . 

(Comparative Example 6) 

1. 1'-(methylene<Ji-4. 1-phenylene)bismaleimide (marketed by Ardrich Chemical Co., Inc.) was admixed with dioc- 
tylfumarate (marketed by Kurogane Chemical Co., Ltd.; trade name: DOF) in a 3:7-weight ratio. However, 1, r-(meth- 
y!ene-di-4, 1 -phenylene) txsmaleimide was not dissolved in dioctylfemalate. Therefore the dispersion of the maleimide 
in DOF was coated on a glass plate, and cured properties were evaluated in the same manner as the Exanple 1 . How- 
ever, the composition after UV irradiation maintained the dispersed state with the 0 % of gei-fraction even after the 10 
times of UV irradiation. 

(Comparative Example 7) 

N, N'-4. 9-dioxa-1, 12-bismaleimidododecane (disclosed in Polymer Preprints, vol. 37, pp. 348 - 349. 1996) was 
admixed with N-butylmaleimide (marketed by Ardrich Chemical Ca. Inc.; disclosed in JP-A-61 -250064 and JP-A-62- 
64813) In a 2:1-weight ratio to form the active energy ray curable composition (B-1). 

The composition (8-1) was evaluated in the same manner as the Example 1. However, the composition was not 
cured completely and a part of inside of the film kept the liquid state even after the 5 times of UV irradiation. The gel- 
fraction was 42 % after the 3 times of UV inadlation. 

(Comparative Example 8) 

The maleimide derivative (P) represented by formula (21) synthesized in Comparative Exanple 4 was admixed witii 
N-(isotXitQxymethyOacrylamide (marinated by Kasano Kbsan Co.. Ltd.; trade name: msmer IBM) in a 2:1-weight ratio 
to form the active energy ray curat)le composition (B-2), 

The composition (B-2) was evaluated in the same manner as the Example 1. However, tiie composition was not 
cured completely and a part of inskie of the film kept the liquid state even after the 5 times of UV irradiation. The gel- 
fraction was 23.7 % after the 3 times of UV irradiation. 

(Comparative Example 9) 

The maleimide derivative (Q) represented by formula (22) synthesized in Comparative Excurple 5 was admixed 
with N-(isobutoxymethyl)acrylamide (marketed l>y Kasano Kbsan Co, Ud.; trade name: Wasmer IBM) in a 2:1-weight 
ratio to form the active energy ray curable composition (B-3). 

The composition (B-3) was evaluated in the same manner as ttie Example 1. However, ttie composition was not 
cured completely and a part of inside of the film kept the liquid state even after ttie 5 times of UV irradiation. The gel- 
fraction was 31.1% after the 3 times of UV irradiation. 



Table 2 





Maleimide derivative rep- 
resented by formula (1) 


Other curable 
compound 


UV curing property 
(times) 


Gel-fractlon (%) 


Pencil 
hardness 


Example 14 


(B) + (F) 




2 


92.1 


4B 


Example 15 


(G) + (L) 




2 


94.5 


2B 


Example 16 


(K) + (M) 




1 


98.2 


2B 


Example 17 


(C) 


DMBM 


1 


91.2 


4B 


Example 18 


(H) + (J) 


LMI 


2 


82.8 


4B 


Example 19 


(M) 


NBMI 


2 


85.5 


4B 
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Table 2 (continued) 





Maleimide derivative rep- 
resented by formula (1) 


Other curable 
compound 


UV curing property 
(times) 


Gel-fraction (%) 


Pencil 
hardness 


Example 20 


(H) 


IBM 


2 


96.4 


3B 


Example 21 


(1) 


IBM 


3 


56.6 


4B 


Example 22 


(B)+(K) 


DOM 


3 


67.2 


4B> 


Example 23 


(B) + {H) 


DOF 


3 


67.9 


4B> 



Explanation of the compounds in Table 2: 

The maleimide derivatives represented by formula (1) synthesized in Manufacturing Exantples 7 to 18. 

N'-1. 12-dodecamethylenebismaleimide 
N-laurylmaleimlde (marketed by Dalhachi Chemical C^o., Ltd.; trade name: LMI) 
N-butylmalelmide (marketed by Ardrich Chemical Co., Inc.) 

N-(isobutoxymethyOaaylamide (marketed by Kasano Kousan Ca. Ltd.; trade name: Wasmer IBM) 
dioctylmaleate (marketed by Kurogane Chemical Co., Ltd.; trade name: DOM) 
dioctylfumarate (marketed by Kurogane Chemical Co.. Ltd.: trade name: DOF) 



(B)to(M): 
IS DMBM: 

LMI: 

NBMI: 

IBM: 

DOM: 
20 DOF: 



Tables 





Comparative com- 
pound 


UV curing property 
(times) 


Qel-fraction (%) 


Pencil hardness 


Comparative Example 6 


MDOBM + DOF 


No cured 


0 




Comparative Example 7 


4,9DOMI + NBMI 


6 


42.0 


4B> 


Comparative Example 8 


(P) + IBM 


8 


23.7 


4B> 


Comparative Example 9 


(Q)+IBM 


6 


31.1 


4B> 



35 In Table 3, indicates that the evolution of pencil hardness of the film was impossible because of no cured film or 
partially cured fOm. 

Explanation of the compounds in Table 3: 

40 (P)and(Q): The maleimide derivatives synthesized in Comparative Examples 4 and 5. 

MDOBM: 1 . 1 *-{methylene-dl-4, 1 -phenylene)bismalelmide (marketed by Ardrich Chemteal Ca. Inc.) 

DOF: dioctylfumarate (marketed by Kurogane Chemical Co., Ud.; trade name: DOF) 

4,9DOMI: N. N'-4. 9-dioxa-1. 12-bismaleimidedodecane 

NBMI: N-butylmaleimlde (marketed by Ardrich Chemical Co.. Inc.) 

45 IBM: N-(isobutaxymethyl)acrylamkJe (marketed by Kasano Kousan Co., Ud.; trade name: Wasmer IBM) 

It Is obvious from Tables 1 to 3 that the active energy ray curable compositions comprising the maleimide deriva- 
tives represented by Ibrmula (1 ) of the present Invention are easily cured under UV irradiation to fomi the flat dear coat- 
ings in the absence of photo-initiator. In contrast. It is clear that the well-know compounds applied to Comparative 

so Exarrples 1 to 3, 6, and 7 are not cured under UV irradiation, and not produced tiie flat coatings. 

In spite of the compounds applied to Comparative Example 4 and 5 have the same structure of the compounds rep- 
resented by formula (1) of ttie present invention, their reactivity of UV curing are tower than tfiose of ttie active energy 
ray curable compositions of the Examples. The reasons are obvious that the linking chains represented by R2 o[ the 
corrpounds used in Comparative Examples 4 and 5 are ^{CH^s- and (CHa-CHg-O-CHa-CHg)-. respectively, and th^e 

55 linking chains have molecular weight of less ttian 100. Moreover. UV curing rate of compositions of ti^ese 

In Coirparative Examples 8 and 9 are kw in comparison wHh those of the active energy ray curable compositions of the 

^"TJSrtrasl^ the ooirpounds applied to Exanple 9 and 21 show higher reactivities off UV curing and higher gel-frac- 



Printed from Mimosa 05/08/04 08:26:26 Page: 38 



EP0878482A1 

tions of coatings than those of the compounds applied to Cornparative Examples 4. 5, 8. and 9. It is clear that the linking 
chain represented by Re of the compounds applied to Examples 9 and 21 has a molecular weight of 1 18. and this is 
more than 100 because of this linking chain is -(CH2-CH2-0'CH2-CH20-CH2-CIH2}-. 

In this way. when the molecular weight of the linking chain represented by R2 is 100 or more, the compound having 
the linking chain had excellent curing properties under irradiation of active energy ray. Thereby, the effectiveness of the 
compositions of the present invention is dear. 

(Example 24) 

The mateimkie derivative (A) represented by fbrnrujia (3) synthesized in Manufacturing Example 6 was admixed 
with trimethylolpropane triacrylate modified by three equivalent of ethylene axkie (marketed by Nippon Kayaku Co.. 
Ltd.; trade name: KAYARAD-THE330) in a 7:3-weight ratio to form the active energy ray curable composition (A-1 1). 

UV curing property of the composition (A-1 1), and gel -fraction and pencil hardness of the cured composition (A-1 1) 
were evaluated in the same manner as Example 1 . The results are summarized in Table 4. 

(Example 25) 

The maleimkJe derivative (A) represented by fornujla (3) synthesized In Manufacturing Example 6 was admixed 
with dipentaerythritol hexaacrylate (marketed by Nippon Kayaku Ca, Ltd.; trade name: KAYARAD-DPHA) in a 3:7- 
weight ratio to form the active energy ray curable composition (A-12). 

UV curing property of the composition (A-12). and gel-fraction and pencil hardness of the cured composition (A-12) 
were evaluated in the same manner as Example 1 . The results are summarized In Table 4. 

(Example 26) 

The active energy ray curable composition (A-13) was prepared in the same manner as Exanrple 54. e)a;ept timt 
dicydopentenyl acrylate (marketed by Hitachi t^ei Co., Ltd.; trade name: FA*511 A) was used instead of trimethytol- 
propane triacrylate nrxxiif ied by three equivalent of ethylene Qxkfe. 

UV curing property of tiie composition (A-13). and gel-fraction and pendl hardness of the cured conposition (A-13) 
were evaluated in the same manner as Example 1 . The results are summarized in Table 4. 

(Example 27) 

The active energy ray curable composition (A-14) was prepared in the same manner as Example 24. except that . 
isotx>rnyl acrylate (marketed by Osaka Organic Chemical Industry Co.. Ltd.; trade name: IBXA) was used instead of tri- 
methyldpropane triacrylate modified by three equivalent of ethylene oxide. 

UV curing property of the composition (A-14). and gel-fraction and pendl hardness of the cured composition (A-14) 
were evaluated in the same manner as Example 1 . The results are summarized in Tattle 4. 

(Example 28) 

The maleimide derivative (A) represented by formula (3) synthesized in Manufacturing Example 6 was admixed 
with modified bisphenol A diacrylate (marketed t>y Dain^pon Ink and Chemicals, Inc.; trade name: V-5500) in a 1 :1- 
weight ratio to form tiie active energy ray curat)le composition (A-15). 

UV curing property of the composition (A-15), and gel-fraction and pendl hardness of the cured composition (A-15) 
were evaluated in the same manner as Example 1 . The results are summarized in Table 4. 

(Example 29) 

The active energy ray curable composition (A-16) was prepared in the same manner as Exairple 28, except that 
uretiiane dacrylate (marketed by Dainippon Ink cmd Chemicals, Ina; trade name: V-4200) was used instead of modified 
bisphenol A diaaylate. 

UV curing property of tine composition (A-16). and gel-fraction and pendl hardness of the cured composition (A-16) 
were evaluated in the same manner as Example 1 . The resulls are summarized in Table 4. 

(Example 30) 

The active energy ray curable composition (A-1 7) was prepared in the same manner as Example 28, except that 
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polyester acrylate (marketed by Toagosei Co., Ltd.; trade name: M-5600) was used instead of modified Wsphenol A dia- 
crylate. 

UV curing property of the composition (A- 17). and gel -fraction and pencil hardness of the cured composition (A-17) 
were evaluated in the same manner as Example 1. The results are summarized in Talkie 4. 

(Example 31) 

The active energy ray curable composition (A-18) was prepared in the same manner as Example 28, except that 
polyester acrylate (marketed by Toagosei Co.. Ltd.; trade name: M-SOBO) was used instead of modified bisphenol A dia- 
crylate 

UV curing property of the composition (A-1 8). and gel-fraction and pencil haidness of the cured composition (A-1 8) 
were evaluated in the same manner as Example 1. The results are summarized in Table 4. 



(Example 32) 

The active energy ray curable composition (A-19) was prepared in the same manner as Example 24. except that 
trimethytolpropane trimethacrytate (marketed by Dalnippon Ink and Chemicals. Inc.: trade name: LUMICURE TMM- 
300) was used instead of trimethytolpropanelriacrylate modified by three equivalent of ethylene oxide. 

UV curing property of the compositton (A-IS). and gel-fraction and pencil hardness of the cured composition (A-19) 
20 were evaluated in the same manner as Example 1 . The results are summarized in Table 4. 



(Example 33) 

The maleimkle derivative (C) represented by formula (5) synthesized in Manufacturing Example 8 was admixed 
55 with dipentaerythritol hexaacrylate (marketed by Nippon Kayaku Co.. Ud.; trade name: KAYARAD-DPHA) In a 1:1- 
weight ratio to form the active energy ray curable composition (A-20). 

UV curing property of the composition (A-20). and gel-fraction and pencil hardness of the cured composrtion (A-20) 
were evaluated In the same manner as Example 1. The results are summarized in Table 5. 



30 (Example 34) 

The maleimkle derivative (C) represented by formula (5) synthesized In Manufacturing Example 8 was admixed 
with polyethylene glycol 400 diacrylate (marketed by Nippon Kayaku Co., LW.; trade name: KAYARAD-PEQ400DA) in 
a 7:3-weight ratio to form the active energy ray curable composition (A-21). 
35 UV curing property of the composition (A-21). and gel-fraction and pencil hardness of the cured composition (A.21) 
were evaluated In the same manner as Example 1. The results are summarized in Table 5. 



(Example 35) 

40 The active energy ray curable composition (A-22) was prepared in the same manner as Example 33. except that 
the maleimde derivative (D) synthesized In Manufacturing Example 9 was used instead of the maleimide derivative (C). 

UV curing property of the compositton (A-22), and gel-fradton and pencil haidness off the cured composition {A.22) 
were evaluated In the same manner as Example 1. The results are summarized In Table 5. 



45 (Example 36) 

The maleimkJe derivative (D) represented by formula (6) synthesized in Manufacturing Example 9 was admixed 
v«th trimethylolpropane triaaylate (marketed by Nippon Kayaku Co.. Ltd.; trade name: KAYARAD-TMPTA) in a 7:3- 
weight ratio to form the active energy ray curable composition (A-23). 
60 UV curing property of the compositton (A-23), and gel-fraction and pencil hardness of the cured composition (A-23) 
were evaluated in the same manner as Example 1. The results are summarized in Table 5. 



(Example 37) 

The active energy ray curable composition (A-24) was prepared in the same manner as Example 33. except that 
the maleimWe derivative (I) synthesized in Manufacturing Example 1 4 was used instead off the maleimide denyative (C^. 

UV curing property of the composition (A-23). and gel-fraction and pencil hardness of the cured composHion (A-23) 
were evaluated in the same manner as Example 1. The results are summarized in Table 5. 
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(Example 38) 

The active energy ray curable composition (A-25) was prepared in the same manner as Example 25, except that 
the malelmlde derivative (N) synthesized in Manufacturing Example 19 was used instead of the maleimide derivative 

(A). 

UV curing property of the composition (A-25). and gel-fraction and pencil hardness of the cured composition (A-25) 
were evaluated in the same manner as Example 1 . The results are summarized in Table 5. 

(Example 39) 



The maleimide derivative (N) represented by formula (16) synthesized in Manufacturing Example 19 was admixed 
with hexanediol diacrylate (marketed by Nippon Kayaku Co., Ltd.; trade name: KS-HDDA) in a 7:3-weight ratio to form 
the active energy ray curat)le conposition (A-26). 

UV curing property of the composition (A-26). and gel-fraction and pencil hardness of the cured composition (A-26) 
IS were evaluated in the same manner as Example 1 . The results are summarized in TidDle 5. 

(Example 40) 

The active energy ray curable composition (A-27) was prepared in the same manner as Example 25. except that 
20 the maleimide derivative (E) synthesized in Manufacturing Example 10 was used instead of the maleimtde derivative 
(A). 

UV curing property of tiie composition (A-27), and gel-fraction and pencil hardness of the cured composition (A-27) 
were evaluated n tiie same manner as Example 1. The results are summarized in Tak)le 5. 

- 25 (Example 41) 

The active energy ray curable composition (A-28) was prepared in the same manner as Example 36, except that 
the maleimide derivative (E) synthesized in Manufacturing Exanple 10 was used instead of the maleimide derivative 
(D). 

30 UV curing property of the composition (A-28), and gel-fraction and pencil hardness of the cured composition (A-28) 
were evaluated in the same manner as Example 1 . The results are summarized In Table 5. 

(Example 42) 

35 The maleimide derivative (G) represented by fbrmula (9) synthesized in Manufacturing Excmijple 12 was admixed 
with polyethylene glycol 400 diacrylate (marketed by Nippon Kayaku Ca. Ltd.; trade name: KAYARAD-PEG400D/Q in 
a 1 :1 -weight ratio to form the active energy ray curable composition (A-29). 

UV curing property of the composition (A-29). and gel-fraction and pendi hardness of the cured compositi'on (A-29) 
were evaluated in the same manner as Example 1 . The results are summarized in Table 5. 

40 

(Example 43) 

The active energy ray curable composition (A-30) was prepared in the same manner as Example 42, except tfiat 
uretiiane diacrylate (marketed by Dainippon Ink and Chemicals. Inc.; trade name: V-4200) was used instead of polyeth- 
45 yiene glycol 400 diacrylate. 
' UV curing property of the composition (A-30). and gel-fraction and pencil hardness of the cured composition (A-30) 

were evaluated In the same manner as Example 1 . The results are summarized in Table 5. 

(Comparative Example 10) 

so 

N-ethylmaleimkie (marketed by Kanto Chemical Co.. Ltd.; disclosed in Polymer Letters, vol. 6, pp. 883 - 888, 1968) 
was admixed witti dipentaerythritol hexaacrylate (mark^ed by Nippon Kayaku Co., Ltd.; trade name: KAYARAD-DPHA) 
in a 3:7-welght rntia Because N- ethylmaleimide was solkl at room temperature and was not dissolved In the acrylate 
at room temperature. N-elhylmaleimkle was dissolved in the acrylate at 60 "^C. The mixture was coated on a glass plate 
ss at the same temperature and evaluated in tiie same manner as the Example 1 . However, the mixture was not cured with 
the 0% of gel-fraction even after the 1 0 times of UVirradiatioa 
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(Comparative Example 1 1) 

N^ethylmaleimide (marketed by Kanto Chemical Co.. Ltd,; disclosed in Polymer Letters, vol. 6. pp. 883 - 888, 1968) 
was admixed with mod'ified bisphenol A diacrylate (marketed by Dalnippon Ink and Chemicals, Inc.; trade name: V- 
5 5500) in a 3:7-weight ratio. Because N- ethylmaleimide was solid at room temperature and was not dissolve in the acr- 
ylate at room temperature, N-ethylmaleimlde was dissolved in the acryiate at 60 X. The composition was coated on a 
glass plate at the same temperature and evaluated in the same manner as the Example 1 . However, the composition 
after UV Irradiation maintained liquid state with the 0 % of gel-fraction even after the 10 times o1 UV irradiation. 

10 (Comparative Example 1 2) 

N-hexylmaleimlde was admixed with dipentaerythritol hexaacrylate (marketed by Nippon Kayaku Co., Ltd.; trade 
name: KAYARAD-DPHA) in a 1 :1 -weight ratio to form the active energy ray curable composition. 

The coirposition was evaluated in the same manner as the Example 1. However, the composition was not cured 
completely even after the 8 times of UV inradiation. The gel-fraction was 0 % atter the 3 times of UV irradiation. 
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(Comparative Example 13) 

N-hexylmaleimide was admixed with polyethylene glycol 400 diacrylate (marketed by Nippon Kayaku Co.. Ltd.: 
trade name: KAYARAD-PEG400DA) in a 1 :1-weight ratio to form the active energy ray curable compositton. 

The composition was evaluated in the same manner as the Example 1. However, the compositton was not cured 
conpletely even after the 6 times of UV inadiation. The gel-fraction was 12.5 % after the 3 times of UV inadiation. 

(Comparative Example 14) 

Isophronebisurethane bis(N-ethylmaleimide) (disclosed in Polymer Preprints, vol. 37. pp. 348 - 349, 1996) was 
admixed wfthdicyclopentenyl acryiate (marketed by Hitachi Kasei Co.. Ud.; trade name: FA-511A)ina3:7-weight rata 
Because Isophronebisurethane bis(N-ethylma!eimide) was solid at room temperature and was not dissolved in the acr- 
yiate at room temperature, this composition was stirred at 60 •C. However, isophronebisurethane bls(N-elhyimaleimide) 
was not dissolved In the acryiate and the composition was not coated on a glass plate flatly at the same temperature. 

(Comparative Example 15) 

N N*-4 9-diaxa-1, 12-bismaIeimidododecane (disclosed in Polymer Preprints, vol. 37. pp. 348 - 349, 1996) was 
admix^ with dicydopentenyl acryiate (marketed by Hitachi Kasei Co.. Ltd.; trade name: FA-51 1 A) in a 1 :1 -weight ratio. 
Because N N'-4. 9Kjioxa-1 , 1 2-bismaleimidododecane was solid at room terrperature and was not dissolved in the acr- 
yiate at room tenperature, N. N'-4, 9-dioxa-l, 12-bi5maleimWododecane was dissolved in the acryiate at 60 'C for coat- 
ing the flm on a glass plata The coirpositton was coated on a glass plate at the same temperature and evaluated in 
the same manner as the Example 1 . However, the composition was not cured completely even after the 4 tmes of UV 
Inadlatioa The gel-fraction was 51 .9 % after the 3 times of UV inradiation. 

(Comparative Example 16) 

N N'-4 9-diaxa-1. 12-bismaIeimidododecane (disctosed In Polymer Preprints, vol. 37, pp. 348 - 349, 1996) was 
admix^ with polyethylene glycol 400 diacrylate (marketed by Nippon Kayaku Co.. Ltd.; trade name: KAYARAD- 
PEG400DA) in a Vl-weight ratio. Because N, N'-4. 9-dioxa-1, l24)ismaleimidododecane was solid at room tempera- 
ture and was not dissolved in ttie acryiate at room temperature. N, N»-4, 9-dioxa-l. 12-bismaleimidododecane was dis- 
solved in acryiate at 60 '^C for coating the film on a glass plate. The composition was coated on a glass plate at the 
same tenperature and evaluated in the same manner as tiie Example 1 . However, the composition was not cured com- 
pletely even after the 4 times off UV irradiation. The gel-fraction was 45.7 % atter tiie 3 times of UV irradiaton. 

Table 4 





Malelmide derivative rep- 
resented by formula (1) 


Ottier curable 
compound 


UV curing property 
(times) 


Qel-fraction (%) 


Pencil 

hardness 


Example 24 


(A) 


THE-330 


1 


98.9 


2B 


Example 25 


(A) 


DPHA 


2 


92.8 


H 



55 
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Table 4 (oontinuecQ 





Maleimide derivative rep- 
resented by formula (1) 


Other curable 
compound 


UV curing property 
(times) 


Gel-fraction (%) 


Pencil 
hardness 


Example 26 


(A) 


FA-511A 


2 


99.4 


4B 


Example 27 


(A) 


IBXA 


2 


97.8 


4B 


Example 28 


(A) 


V-5500 


1 


93.6 


48 


Example 29 


(A) 


V-4200 


1 


99.0 


48 


Example 30 


(A) 


M-5600 


2 


93.4 


4B 


Example 31 


(A) 


M-8060 


2 


98.8 


HB 


Example 32 


(A) 


TMM-300 


2 


95.6 


48 



Tables 





Maleimide deriva- 
tive represented 
by formula (1) 


Other curable conv 
pound 


UV curing property 
(times) 


Gel-fraction (%) 


Pencil hardness 


Example 33 


(C) 


DPHA 


2 


98.0 


2H 


Example 34 


(C) 


PEG400-OA 


2 


99.4 


B 


Example 35 


(D) 


DPHA 


1 


96.3 


48 


Example 36 


(D) 


TMPTA 


2 


98.1 


48 


Example 37 


(0 


DPHA 


2 


82.6 


2B 


Example 38 


(N) 


DPHA 


3 


92.8 


H 


Example 39 


(N) 


KS-HDDA 


3 


98.3 


38 


Example 40 


(E) 


DPHA 


2 


98.4 


H 


Example 41 


(E) 


TMPTA 


1 


98.6 


3B 


Example 42 


(Q) 


PEG400-DA 


3 


93.7 


28 


Example 43 


(G) 


V-4200 


1 


94.2 


HB 



Table 6 





Comparative composition 


UV curing property 
(times) 


Gel-fraction 
(%) 


Pendl hard- 
ness 


Comparative Example 10 


EMI + DPHA 


10< 


0 




Comparative Example 1 1 


EMI-f-V-5500 


10< 


0 




Comparative Example 12 


HMI + DPHA 


9 


0 




Comparative Example 13 


HMI + PEG400-DA 


7 


12.5 




Comparative Example 14 


IPBUBMI FA-511A 








Comparative Example 15 


4,9DOMUFA-511A 


5 


51.9 


4B> 


Comparative Exanple 16 


4.9DOMI + PEQ400-PA 


5 


45.7 


4B> 



In Table 6, Indicates that the evolution of UV curing property of composition, and gel-fraction and pencil hard- 
ness of the film were impossible because of no cured film or partially cured film. 
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Explanation of the compounds in Tables 4 to 6: 

(A)-(N)- The maleimide derivatives represented by formula (1) synthesized in Manufacturing Examples 6 to 19 
THE-330: trimethylolpropane triacrylate modified by three equivalent of ethylene oxide (marketed by Nippon Kay- 

aku Co., Ud.; trade name:KAYARAD-THE330) 
DPHA: dipentaerythritol hexaacrylate (marketed by Nippon Kayaku Co. . Ud. : trade name: KAYARAD-DPH A) 
FA-51 1 A: dtcydopentenyl acryiate (marketed by Hitachi Kasei Co.. Ltd, ; trade name:FA-51 1 A) 
IBXA* isobornyl acryiate (marketed by Osaka Organic Chemical Industry; trade name: IBXA) 

V-5500- modified bisphenol A diacrylate (marketed by Dainippon Ink and Chemicals. Inc.; trade name:V-5500) 
PEQ400-DA: polyethylene glycol 400 diacrylate (marketed by Nippon Kayaku Co., Ltd.; trade name: KAYARAD- 

PEG400DA) 

V-4200: urethane diacrylate (marketed by Dainippon Ink and Chemicals. Inc.; trade name:V-4200) 
M'560O: polyester acryiate (marketed by Toagosei Co.. Ltd.; trade name: M-5600) 
M-8060: polyester acryiate (marketed by Toagosei Co.. Ltd.: trade name: M-8060) 

TMM-300: trimethylolpropane trimethaaylate (marketed by Dainippon Ink and Chemicals. Inc.; trade name: LUMI- 

TMPTA: Smettiyiolpropane triacrylate (marketed by Nippon Jfeyaku Ca, Ltd.; trade name: KAYARAD-TMPTA) 

KS-HDDA: hexanediol diacrylate (marketed by Nippon Kayaku Ca. Ltd.; trade name: KS-HDDA) 

EMI: N-ethylmaleimide (marketed by Kanto Chemical Co., Ud.) 

HMI: N-hexylmaleimide 

IPBUBMI: isophoronebisurethane bis(N-ethylmaleimide) 

4.9DOMI: N, N' -4, 9-dioxa-1 . 12-bismaleimidododecane 

It Is obvfous from Tables 4 to 6 that the active energy ray curable compositions comprising the maleimide deriva- 
tives represented by Ibrmula (1) of the present Invention are easily cured by UV in'adiation with the flat dear coatings 
in the absence of photoinitiator. In contrast, it Is clear that the compositions applied to Comparative Exanvjes 10 to 1 6 
have serious disadvantages of tow solubility to the acrylates at room temperature, tow reactivity under UV irradiation, 
rough surfece of the coating, and the like. 

(Example 44) 

The maleimide derivative (A) represented by formula (3) synthesized in Manufacturing Example 6 was admixed 
with cydohexanedimethanol divinyl ether (marteted by ISP Technologies Inc.; trade name: Rapi-Cure CHVE) in a 
0.876:0.134-weigW ratio to form the active energy ray curable conrTposition(A-31). 

The active energy ray curable conposition (A-31) was coated on an acrylic plate to form a film with the thidoi^ 
of 100 iim UV iiradlatlon was conducted by a conveyor-type medium-pressure-mercury-lamp (80 W/cm; marketed by 
Eye Graphics Co.. Ltd.) in air. in the conditions that the lamp height was 15 cm and the conveyor speed was 40 nV min. 
UV exposure dose fori pass measured by the industrial UVdiedw (marketed by Topcon^^ Ltd.; trade name: UVR- 
T37) was 32 mJ/cm2. jhe number of irradiation times for curing the film to be tadc-free was evaluated. Moreover. geN 
fraction and pendl hardness of the film were evaluated in the same manner as Example 1 . The results are summarized 
in Table 7. 

(Exannple45) 

The maleimWe derivative (A) represented by formula (3) synthesized in Manufacturing Example 6 was admixed 
with the vinyl ether (a) represented by formula (18) synthesized in Manufacturing Example 21 in a 0.754:0.246-weight 
ratio to fbrm the active energy ray curable composition (A-32). 

UV curing property of the oompositton (A-32). and gel-fraction and pendl hardness of the cured composition ^-32) 
were evaluated in the same manner as Exanple 44. except that curable composition (A.32) was applied in place of cur- 
able oompositton (A-31). The results are sumirwized In Tfeble 7. 

(Example 46) 

The maleimkle derivative (A) represented by formula (3) synthesized in Manufacturing ® "'^i^, 

with the vinyl ether (c) represented by formula (20) synthesized in Manufacturing Example 23 in a 0.4S3:0.547^eight 
ratio to Ibrm the active energy ray curable composition (A-33). . ^ u- /a 

UV curing property of the oompositton {A-33) . and gel-fraction and pendl hardness of the cured composition (A-33) 
were evaluated in the same manner as Exanple 44. except that curable composition (A-33) was applied in place off cur- 
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able composition (A-31). The results are summarized in Table 7. 
(Example 47) 

The maleimide derivative (D) represented by formula (6) synthesized in Manufacturing Example 9 was admixed 
with the vinyt ether (a) r^resented by formula (18) synthesized in Manutacturing Example 21 in a 0.834:0. 16&welght 
ratio to form the active energy ray curable composition (A-34). 

UV curing property of the connposition (A-34). and gel-fracKton and pencil hardness of the cured composition (A-34) 
were evaluated in the same manner as Example 44. except that curable composition (A-34) was applied in place of cur- 
able composition (A-31). The results are summarized in Table 7. 

(Example 48) 

The maleimide derivative (0 represented by formula (11) synthesized in Manufacturing Example 14 was admixed 
with cyclohexanedimethanol divinyl ether (marketed by ISP Technologies Inc.; trade name: Rapi-Cure CHVE) in a 
0.776:0.234-weight ratio to form the active energy ray curable composition (A-35). 

UV curing property of the composition (A-35). and gel-fraction and pencil hardness of the cured composition (A-35) 
were evaluated In the same manner as Exarnple 44, except that curable conposition (A-35) was applied in place of cur- 
able composition (A-31). The results are summarized in Table 7. 

(Comparative Example 17) 

N-tert-butylmaleimide (TBMI; disclosed in Synthetic. Communications., vol. 20, pp. 1607 - 1610, 1990) was 
admixed with 4-hydroxybuty1 vinyt ether (marketed by ISP Technologies Inc.; trade name: Rapl-Cure HBVE) in a 
0.569:0.43 1 -weight ratio to form the active energy ray curable composition (B-4). 

UV curing property off the composition (&4) ¥vas evaluated in the same manner as Example 44. except that curable 
composition (B-4) was applied in place off curable composition (A-31). However, the composition (B-4) after UV irradia- 
tion maintained liquki state even after the 10 times of UV irradiation. 

(Conparative Example 18) 

N-hexylmaleimkie (HMI; disclosed in Polym. Mater. Set. Eng., vol. 72, pp. 470 - 472, 1999 was admixed with 4- 
hydroxytxityl vinyl ether (marketed by ISP Technologies Inc.; trade name: ftepl-Cure HBVE) in a 0.609:0.391 -weigfit 
ratio to form the active energy ray curable composition (B-5). 

UV curing property of the conposition (B-^ was evaluated in the same manner as Exarrple 44, except that curable 
composition (B-5) was applied in place of curable composition (A-31). However, the compositton (B-5) was not formed 
flatly coating even after the 1 0 times of UV irradiatioa 

(Comparative Exarrple 19) 

N-hexylmalelmkie (HMI; disclosed in Polym. Mater. Sci Eng., vol. 72. pp. 470 - 472, 1995) was admixed with 
cydohexane dimethanol divinyl ether (marketed by ISP Technologies Inc.; trade name: Rapi-Cure CHVE) in a 
0.649:0.351 -weight ratio to form the active energy ray curat>le corrposition (B-6). 

UV curing property of the corrposition (B-6) was evaluated in the same manner as Example 44, except that curable 
conposition (B-6) was applied in place of curable composition (A-31). However, the corrposition (B-6} was not formed 
flatiy coating even after the 10 times off UV Irradiatioa 

(Example 49) 

The maleimide derivative (IH) represented k>y formula (10) synthesized in Manufacturing Example 13 was admixed 
with trimethylotpropane trivinyl ether (marketed by AMrich Chemteai Ca, Inc.) In a 0.81 8:0. 182-welght ratio to form the 
active energy ray curable composition (A-36). 

The active energy ray curable conposition (A-36) was coated on an acrylic plate to form a film wittr tiie tiiickness 
of 50 yjtx. UV irradiation was conducted by a conveyor-type medium-pressure-merciffy-lafTp (80 W/cm; marketed by 
Eye Graphics Ca, Ud.) In air. in the conditions tiiat tiie larrp height was 15 cm and ttie conveyor speed was 40 nV min. 
UV exposure dose for 1 pass measured the Industrial UV checker (marketed by Topcon Ca . Ud. ; trade name: U VR- 
T37) was 32 mJ/cm^. The nuni>er off irradiation times for curing tiie film to be tack-^ee was evaluated. Moreover, gel- 
fraction and pencil hardness of the film were evaluated in ttie same manner as Example 1 . The results are summarized 
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in Table 8. 



10 



(Example 50) 

The maleimide derivath/e (K) represented by formula (13) synthesized in Manufacturing Example 16 was admixed 
with cyclohexanedimethanol dMnyl ether (marketed by ISP Technologies Inc.; trade name: Rapi-Cure CHVE) in a 
0 734 0 266-weight ratio to form the active energy ray curable composition (A-37). 

UV curing property of the composition (A-37). and gel-f raclion and pencil hardness of the cured composition (A-37) 
were evaluated in the same manner as Example 49. except that curable composition (A-37) was applied in place of cur- 
able composltfon (A-36). The results are summarized in Table 8. 



(Example 51) 

TTie maleimide derivatrve (M) represented by formula (15) synthesized in Manufacturing Example 18 was admixed 
with the vinyl ^er (b) represented by formula (19) and prepared in Manufacturing Example 22 in a 0.622:0.378-weight 
ratio to form the active energy ray curable composition (A-38). 

UV curing property of the composition (A-38). and gel-fracBon and pencil hardness of the cured composition (A-38) 
were evaluated in the same manner as Example 49. except that curable oomposHion (A-38) was applied in place of cur- 
able composition (A^6). The results are summarized in Table 8. 

(Comparative Example 20) 

UV curing property was evaluated in the same manner as Example 49. except that curable composition (B-4) pre- 
pared In CJomparalive Example 17 was applied in place of curable composition (A-36). However, the composition (B-4) 
25 after UV inadiation maintained liquid state even after the 10 times of UV inradiation. 



IS 
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(Comparative Example 21) 

UV curing property was evaluated in the same manner as Example 49. except that curable composition (B-5) pre- 
pared in Comparative Example 18 was applied in place of curable composition (A-36). However, the composition (B-5) 
was not formed flatly coating even after the 10 times of UV Inradiation. 



(Comparative Example 22) 

UV curing property was evaluated in the same manner as Example 49. except that curable composition (B-6) pre- 
pared in Comparative Example 19 was applied in place of curable composition (A-36). However, the composition (B-6) 
was not formed flatly coating even after the 10 times of UV inradiation. 



Table 7 





Maleimide 
derivative 


Vinyl ether 
derivative 


UV curing property 
(times) 


Gel-fraction 
{%) 


Pencil 
hardness 


Example 44 


(A) 


CHVE 


2 


95.9 


4B> 


Example 45 


(A) 


(a) 


2 


94.3 


4B> 


Example 46 


(A) 


(c) 


2 


91.9 


4B> 


Example 47 


(D) 


(a) 


3 


81.6 


4B> 


Example 48 


(1) 


CHVE 


2 


74.9 


4B> 


Comparative Example 1 7 


TBMI 


HBVE 


No cured 






Comparative Example 18 


HMI 


HBVE 


Inrpossible to form film 






Comparative Example 19 


HMI 


CHVE 


Impossible to fomi film 
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Table 8 





Maleimide 
derivative 


Vinyl ether 
derivative 


UV curing property 
(times) 


Gel-fraction 
(%) 


Pencil 
hardness 


Example 49 


(H) 


TMPTV 


2 


91,2 


4B> 


Example 50 


(K) 


CHVE 


1 


96.5 


F 


Example 51 


(M) 


(b) 


1 


99.5 


3B 


Comparative Example 20 


TBMI 


HBVE 


No cured 






Comparative Example 21 


HMt 


HBVE 


impossible to form film 






Comparative Example 22 


HMI 


CHVE 


Impossible to form film 







15 

In Table 7 and 8. indicates that the evolution of gel-fraction and pencil hardness of the film were impossible 
because of no cured fBm or partially cured film. 
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Explanation of the compounds in Tables 7 to 8: 

(A)~(M): The maleimide derivatives represented by formula (1) synthesized in Manufacturing Examples 6 to 18 

(a)~(c): The vinyl ether synthesized In Manufacturing Examples 21 to 23 

CHVE: cyclohexanedimethanol divinyl ether (marketed by ISP Technologies Inc.; trade name: Rapi-Cure CHVE) 

HBVE: 4-hydroxybutyl vinyl ether (marketed by ISP Technotogies Inc.; trade name: Rapi-Cure HBVE) 

TBMI: N-tert-butylmaleintide 

HMI: N-hexylmaleimide 

TMPTV: trimethyfolpropane trivinyl ether (marketed by Ardrich Chemical Co., Inc.) 



It is obvious from Tables 7 and 8, that the active energy ray curatsle compositions comprising the maleimide deriv- 
30 atives represented by formula (1) of tine present invention are easily cured by UV inradiation with the flat dear coatings 
in the at}sence of photoinitiator. In contrast it is dear that tiie compositions applied to ComparErtive Examples 10 to 16 
comprising the well-known maleimide compounds arxJ the compounds having vinyl ether groups used in Comparative 
Examples 1 7 to 22 have serious disadvantages of low reactivity under UV irradiation and rough surfece of the coating. 

35 Claims 



1 . An active energy ray curable composition comprising a maleimide derivative represented by formula (1): 




60 

wherein 
m 



and n each represent an integer of 1 to 5, and the total of m and n is 6 or smaller, 
55 R^^ and Ri2 each represent a linking group selected from the group consisting of 



0 an alkytene group. 
0 an alicydlc group. 
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® an arylalkylene group, and 
0 a cycloalkyiai^ei^e group. 

Gi and G2 each represent an ester linkage selected from the group consisting of -COO- and - OCO-. 
R2 represents a linking chain having an average molecular weight of 100 to 100.000 selected from the group 
consisting of (A) a (poly)ether linking chain and (B) a (poly)ester linking chain, in which at least one organic 
group selected from the group consisting of 

(J) a straight chain alkylene group. 

0 a branched alkylene group. 

(3) an alkylene group having a hydroxyl group, 

ig) an alicydic group. 

(S) an aryl group, and 

<g> an arylalkylene group 

is connected via at least one linkage selected from the group consisting of (a) an ether linkage and (b) an ester 
llnkaga 

The active energy ray curable composition according to dalm 1 . wherein R2 in the fbmfiula (1 ) is a (poly)elher link- 
ing chain having an average molecular weight of 100 to 100.000. and comprising a repeating unit containing at 
least one group selected from the group consisting of 

0 a straight chain alkylene group having 2 to 24 carton atoms. 

© a branched alkylene group having 2 to 24 carbon atoms, 

(3) an alkylene group having a hydrcxyl group and having 2 to 24 carbon atoms, and 

® an aryl group. 

\ The active energy ray curable composition aooording to daim 1 . wherein R2 in the fbnnula (1 ) is a (poly)ether link- 
ing chain having an average molecular weight of 100 to 100.000, and comprising a repeating unit containing at 
least one group selected from the group consisting of 

® a straight chain alkylene group having 2 to 24 carlwn atonris. 
<2> a branched alkylene group having 2 to 24 carbon atoms, and 
O an alkylene group having a hydroxyl ^up and having 2 to 24 carbon atoms. 

4. The active energy ray curable composition according to claim 1 . wherein in the formula (1 ) is a {poly)ester linking 
chain having an average molecular weight of 100 to 100,000. and comprising a repeating unit containing at least 
one group selected from the group consisting of 

® a straight chain alkylene group having 2 to 24 carbon atoms. 

0 a branched alkylene group having 2 to 24 carbon atoms, 

(3) an alkylene group having a hydroxyl group and having 2 to 24 cartx>n atoms, and 

® an aryl group. 

5. The active energy ray curable composition according to claim 1 . wherein R2 in the formula (1 ) is a {poly)ester linking 
chain having an average molecular weight of 100 to 100,000. and comprising a repeating unit containing at least 
one group selected from the group consisting of 

0 a straight chain alkylene group having 2 to 24 carbon atoms, 
0 a branched alkylene group having 2 to 24 cartxin atoms, and 
(3> an alMene group having a hydroxyl group and having 2 to 24 carbon atoms. 

6. An active energy ray curable composition conprising (I) a maleimide derivative represented by formula (1) accord- 
ing to dalm 1 and (II) a compound oopolymerlzable with the said maleimWe group. 

7. The active energy ray curable composition according to daim 6. wherein a said compound copolymerizable with 
the maleimide group comprises at least one compound selected from the group consisting of 
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^ « (Da compound having at least one group selected from the group consisting of acryloyloxy group and meth* 

f. acryloyloxy group, and 

^ « O a compound having vinyl ether group. 

5 8. The active energy ray curable composition according to claim 7, wherein a said compound having at least one 
group selected from the group consisting of acryloyloxy group and methacryloytoxy group comprises at least one 
compound selected from the group consisting of 

(A-1) a (poly)ester (meth)acrytate, 
(A-2) an urethane (meth)acrylate, 
(A'3) an epoxy (meth)acrylate, 
(A*4) a (poly)ether (meth)acrylate. 

(A-5) at least one compound selected from the group consisting of an all^ (meth)acrylate. an all^ene 
(meth)acrylate, 

(A-6) a (meth)acrylate having aromatic group, and 
(A-7) a (meth)acrylate having alicydtc group. 

9. The active energy ray curable composition according to claim 7, wherein a s€ud compound having vinyl ether group 
comprises at least one compound selected from the group consisting of 

(B-1) an alkyi vinyl ether having a terminal group substituted with at least one selected from the group consist- 
ing of a hydrogen atom, a halogen atom, a hydrQxyl group, arxl an amino group, 

(B-2) a cycloalkyi vinyl ettier having a terminal group 8ut)stituted with at least one selected from the group con- 
sisting of a hydrogen atom, a halogen atom, a hydroxy! group, and an amino group, and 
(B-3) at least one vinyl ether selected from the group consisting of a monovinyl ether, a divinyl ether, and a pol- 
yvinyl ether in which a vinyl ether group is connected with aikylene group; and in which a vinyl ether group is 
connected with at (east one group with and without substrtuent selected from the group consisting of alkyI 
group, cycloalkyi group, and aromatic group, via at least one linkage selected from the group consisting of an 
ether linkage, an urethane linkage, and an ester linkage. 

1 0. A method for curing an active energy ray curable composition according to one claim from claims 1 to 9 which com- 
prises inradiatton of an active energy ray curable composition comprising a malelmide derivative represented by for- 
mula (1) witii an active energy ray in the absence of a photolnitiator: 
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— Rii-Gi~R2~G2— Ri2~N 



J n 




(1) 



m 




wherein 



m and n each represent an integer of 1 to 5, and ttie total of m and n is 6 or smaller. 
Ri t and Ri2 each represent a linking group selected from the group consisting of 

0 an aikylene group, 

® an allcyclic group, 

(3) an arylalkylene group, and 

® a cyctoall^lkyene group, 

and each represent an ester linkage selected from the group consisting of -COO and OCO. 
R2 represents a linking chain having an average molecular weight of 100 to 100.000 selected from the group 
consisting of (A) a (poly)ether linking chain and (8) a (poly)est6r linking chain, in which at least one ofiganic 
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group selected from the group consisting of 

0 a straight chain alk/lene group, 
0 a branched aikylene group. 
5 (2) an aikylene group having a hydroxyl group, 

® an aiicydic group, 
(g) an aryl group, and 
® an arylalkylene group 

10 is connected via at least one linkage selected from the group consisting of (a) an ether linkage and (b) an ester 

linkage. 

11. The method for curing an active energy ray curable composition according to claim 10, wherein the active energy 
ray is ultraviolet light. 
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